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ARINC  Research  Corporation  is  assisting  the  Federal  Aviation  Administra- 
tion under  Contract  DOT-FA76WA-3788,  in  the  development  and  evaluation  of 
technical  and  cost  factors  that  will  affect  the  FAA  policy  regarding  the 
Separation  Assurance  System  as  a national  standard.  One  of  the  contract 
efforts  was  to  develop  avionics  costs  required  for  an  assessment  of  various 
alternatives  to  improving  communications  and  surveillance  for  aircraft  separ- 
ation services  in  the  national  airspace  system. 

This  report  was  prepared  in  response  to  the  Department  of  Transportation's 
review  of  Upgraded  Third  Generation  Air  Traffic  Control  System  Developments; 
it  reflectes  the  concepts  and  system  designs  advocated  by  the  organization 
responsible  for  the  evaluation  and  assessment  of  the  UG3RD.  The  systems  con- 
sidered in  the  study  were  recommended  for  evaluation  by  the  Office  of  System 
Engineering  Management  of  the  FAA. 

The  concepts  subjected  to  evaluation  range  from  systems  currently  in  use 
for  air  traffic  control  (ATC)  to  new  developments  proposed  either  to  replace 
or  to  enhance  present  ATC  operations.  The  development  of  avionics  costs  could 
have  been  limited  to  concepts  identified  as  new  or  enhancements  since  equip- 
ment cost  data  for  these  concepts  are  not  available  from  existing  price  lists. 
ARINC  Research  Corporation  chose  to  develop  costs  on  all  alternatives  to  pro- 
vide credibility  in  the  results  by  uniformly  cost  estimating  each  item  of 
avionics  and  permitting  comparison  of  the  study  results  with  nationally  adver- 
tised manufacturers'  prices.  The  tool  chosen  for  cost  estimating  was  the  RCA- 
developed  Program  Review  of  Information  for  Costing  and  Evaluation  (PRICE) 
pricing  model  because  of  its  wide  acceptance  by  government  agencies  and  the 
uniformity  of  the  parametric  data  required  in  describing  the  equipment  to  be 
evaluated. 

Adaptation  of  the  pricing  model  to  avionics  cost  estimating  required 
extensive  sensitivity  analyses  of  the  effect  of  each  of  the  40  data  parcimeters 
used  as  inputs  to  the  model.  A data  base  was  compiled  on  each  potential  manu- 
facturer of  avionics  and  the  model  tailored  to  reflect  the  physical  and 
economic  characterization  of  each  manufacturer.  Detailed  data  on  existing 
avionics  considered  critical  by  the  model  for  tailoring  to  a specific  manufac- 
turer were  obtained  by  physical  measurements  at  the  manufacturer's  plant  and 
through  interviews  with  the  manufacturer's  representatives.  These  efforts 
permitted  the  preparation  of  parametric  data  that  resulted  in  almost  exact 
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replication  of  the  costs  of  subassemblies  and  systems  when  processed  by  the 
pricing  model  for  existing  systems.  The  parametric  data  compiled  were  then 
applied  to  new  concepts  by  associating  similar  subassemblies  with  existing 
modules  and  holding  the  economic  parameters  of  the  model  constant  for  any 
single  manufacturer. 

The  results  of  the  study  evaluation  are  presented  in  Table  S-1.  The 
costs  shown  are  for  the  equipment  identified  and  represent  the  major  modules 
of  system  implementation.  The  costs  are  developed  for  the  air  carriers,  which 
purchase  equipment  in  large  quantities  and  therefore  enjoy  quantity  discounts, 
as  well  as  for  the  single-aircraft  or  small  fleet  owners,  who  must  pay  the 
distributor  markups.  The  classes  of  avionics  evaluated  in  the  study  were 
those  designed  to  ARINC  specifications  for  high-performance  aircraft  and  those 
designed  to  the  less  stringent  requirements  of  the  general  aviation  community 
intended  for  installation  in  single-engine  and  twin-engine  low-performance 
aircraft. 

Implementation  of  any  of  the  alternatives  requires  complementary  equip- 
ments, such  as  antennas,  controls,  and  displays,  not  identified  in  Table  S-1. 
The  cost  of  equipment  acquisition  for  each  concept  suitable  for  airborne  oper- 
ation of  a single  system  per  aircraft  is  presented  in  Table  S-2.  The  costs 
of  complementary  equipment  were  either  developed  in  this  study  or  obtained 
from  manufacturers'  price  lists  for  the  appropriate  class  of  users. 


Table  o-i. 

ACQUISITION  COST  OF  AVIONICS 

Cost  (in  1976  dollars)  by  User  Category 

Equipment 

Air  Carrier 

High-Per  forinance 
General  Aviation 

Low-Performance  | 

General  Aviation 

ATCRBS  Transponder 

3975 

5169 

612 

DABS  Transponder 

5212 

6776 

1352 

SAB  Transponder 

4176 

5429 

784 

VHP  Transceiver 

2500 

3250 

1254 

VHF  Data  Modem 

2845 

3699 

1240 

ATC  Display 

1576 

2049 

486 

IPC/PWI  Display 

2198 

2857 

1114 

Auto-Tune  Control 

299 

389 

N/A 

ACAS  Electronics 

3979 

5173 

1118 

Table  S-2.  ACQUISITION  COST  OF  SYSTEMS  - SINGLE  SYSTEM  PER  AIRCRAFT 

Cost  (in  1976  dollars)  by  User  Category  | 

System 

Air  Carrier 

H lgh~Pe  r f omance 
General  Aviation 

Lo«*~Per  foraance 
Gtt^ral  Aviation 

ATCRBS 

4554 

5760 

625 

DABS/IPC 

8052 

10299 

1365 

SAB 

4755 

6020 

797 

VHF  Voice 

3196 

4006 

1270 

VHF  Data  Link 

4772 

6055 

1756 

VHF  D/L  + IPC 

7269 

9301 

2870 

ACAS 


5197 


6415 


1144 
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CHAPTER  ONE 
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INTRODUCTION 


1 - 1 BACKGROUND 

The  Federal  Aviation  Administration  (FAA)  recognizes  the  direct  correla- 
tion between  the  growing  aircraft  population  and  the  ever-increasing  diffi- 
culty in  providing  separation  assurance  and  collision  avoidance  through  the 
current  Air  Traffic  Control  (ATC)  system.  Efforts  to  develop  an  improved 
national  standard  to  provide  separation  assurance  have  resulted  in  the  up- 
graded third-generation  air  traffic  control  system.  Programs  such  as  the 
Selective  Address  Beacon  (SAB) , the  improved  Air  Traffic  Control  Radar  Beacon 
System  (ATCRBS) , Discrete  Address  Beacon  System  (DABS) , VHF  data  linlc,  and 
Airlaorne  Collision  Avoidance  System  (ACAS)  are  being  subjected  to  exhaustive 
investigations  to  determine  their  applicability  to  future  ATC  plans  and  oper- 
ations. The  MITRE/METREK  Corporation  has  been  evaluating  the  economics  of 
each  system's  implementation  and  has  developed  the  expected  costs  of  the 
ground  equipments  required  for  introducing  each  system. 

The  Office  of  System  Engineering  Management  (OSEM)  of  the  FAA  has  engaged 
ARINC  Research  Corporation,  under  Contract  DOT  FA76WA-3788,  to  perform  a 
series  of  investigations  and  to  provide  separate  reports  on  the  findings 
associated  with  each  of  these  investigations.  The  contract  directs  ARINC 
Research  Corporation  to  analyze  and  develop  the  technical , operational , and 
economic  feasibility  of  implementing  certain  surveillance  and  separation 
assurance  concepts  in  the  expected  aircraft  population  of  the  1980s  and  beyond. 
The  system  investigations  to  be  performed  span  the  range  from  comprehensive, 
long-term  solutions  to  partial,  short-term  solutions  for  improving  surveillance 
and  collision  avoidance. 

1.2  CONTRACT  SCOPE  AND  OBJECTIVES 

The  overall  investigative  effort  involves  many  of  the  alternative  ideas 
for  upgrading  the  present  Air  Traffic  Control  system  and  entails  the  develop- 
ment and  analysis  of  performance  and  cost  factors  in  the  following  five  taslc 
areas ; 

Task  I - Avionics  Alternatives  for  Selected  ATC  System  Developments 

Task  II  - Selective  Address  Beacon  System 
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Task  III  - VHF  Data  Link 


Task  IV  - DABS/IPC  Impact  on  Air  Carriers 

Task  V - ARINC  Interfaces  with  FAA  Cominunications  Modernization  Program 
This  report  documents  the  results  of  Task  I. 

1.3  PROJECT  OVERVIEW 

The  objective  of  Task  I is  to  develop  cin  independent  assessment  of  the 
cost  of  avionics  required  to  implement  the  systems  defined  by  MITRE/METREK  in 
their  report  on  the  cost  of  various  alternatives  (Reference  1) . To  meet  this 
objective,  it  has  been  necessary  to  analyze  the  concepts  defined  by  MITRE/ 
METREK  and  develop  the  necessary  designs  in  sufficient  detail  to  permit  cost 
estimating  by  application  of  either  known  conventional  methods  or  commercially 
available  pricing  models.  ARINC  Research  was  directed  by  contract  to  choose 
the  latter  alternative.  This  report  presents  the  cost  estimating  methodology, 
the  constraints  applied  to  ensure  uniformity  in  the  development  of  avionics 
costs  for  each  system,  and  the  results  of  the  application  of  the  pricing  model. 

1.4  ORGANIZATION  OF  THE  REPORT 

The  nine  chapters  of  this  report  address  the  techniques  used  in  cost- 
estimating system  designs  of  the  concepts  evaluated,  and  present  the  results 
obtained  from  application  of  the  pricing  model. 

Chapter  Two  identifies  the  pricing  model  used  in  the  study  and  provides  a 
discussion  of  the  parametric  data  required  for  model  execution. 

Chapter  Three  aescribes  the  overall  approach  to  developing  uniform  cost 
estimates,  as  well  as  the  assumptions  and  constraints  employed. 

Chapters  Four  through  Eight  are  devoted  to  the  evaluation  of  the  systems 
and  the  costs  of  the  avionics  required  for  implementing  each  system.  Each 
system  is  treated  in  a separate  chapter  because  of  the  variability  of  data 
sources  used  in  the  analysis  and  the  uniqueness  of  each  concept  evaluated. 

Chapter  Nine  summarizes  the  results  of  the  study  and  describes  the  uni- 
form approach  and  application  of  the  cost  estimating  technique  used  through- 
out the  evaluation. 

Appendix  A presents  a listing  of  the  input  parauneters  used  by  the  RCA 
PRICE  model.  Appendix  B presents  a list  of  references  used  in  this  report. 


CHAPTER  TWO 


PRICING  METHODOLOGY 
AND  THE 
PRICE  MODEL 


The  equipment  costs  developed  in  this  study  will  provide  the  basis  for 
the  economic  comparison  of  various  concepts  intended  to  improve  separation 
assurance  and  surveillance  in  the  next  generation  of  ATC  systems.  Careful 
development  of  these  data  is  an  essential  step  in  the  overall  analysis  of 
the  alternatives.  Although  several  cost  estimating  techniques  are  available, 
the  need  for  relative  comparison,  as  well  as  absolute  costs,  dictated  that 
the  method  used  be  capable  of  identifying  sufficient  similarity  in  approach 
to  provide  confidence  that  the  results  were  based  on  the  same  population  of 
data.  A parametrically  controlled  computer-based  method  appears  to  provide 
this  level  of  confidence  and  comparison  for  relative  evaluation;  the  method 
need  only  be  proven  accurate  for  absolute  cost  of  equipment.  This  chapter 
addresses  the  method  used  in  the  study  and  identifies  the  model  chosen  for 
cost  estimating  and  evaluation. 

2.1  COST  ESTIMATING  METHOD 

The  model  chosen  for  equipment  pricing,  the  RCA  Programmed  Review  of 
Information  for  Costing  and  Evaluation  (PRICE) , requires  a set  of  parametric 
data  inputs  that  properly  define  the  module,  or  system,  to  be  estimated.  The 
model  was  chosen  because  of  its  wide  acceptance  by  branches  of  the  Federal 
Government  as  a computer-based  pricing  model.  Of  the  many  input  parameters 
required,  the  most  critical  cost-driving  ones  are  the  item  weight,  volume, 
structural-electronic  division,  manufacturing  complexities,  and  markups  for 
overhead,  G&A,  and  profit.  Since  manufacturing  complexities  vary  among  meuiu- 
facturers  in  different  fields  (e.g.,  avionics  or  fixed  ground  equipment)  and 
even  among  manufacturers  within  a field  (e.g.  , avionics  for  ARINC  class  or 
general-aviation  class  equipments) , a detailed  characterization  of  each 
manufacturer  expected  to  be  in  production  of  avionic  equipment  is  necessary. 

ARINC  Research  has  established  the  manufacturing  complexities  of  several 
key  manufacturers  of  avionics  by  thoroughly  reviewing  existing  avionics, 
making  visits  and  collecting  data  at  various  avionics  plants,  and  performing 
frequent  exercises  of  the  PRICE  model  to  establish  the  sensitivities  of  the 
parametric  data.  To  ensure  accuracy  in  existing  equipment  characterization, 
actual  measurements  of  size  and  weight  were  performed  on  all  modi  'es  defining 
a specific  item  of  avionics,  and  the  process  was  repeated  on  multiple  types 
of  avionics  to  ensure  a statistically  sufficient  sample. 


The  results  were  compiled  and  stored  in  ARINC  Reseetrch  data  files  and 
were  used  in  estimating  the  cost  of  the  avionics  defined  by  this  study. 

2.2  THE  PRICE  MODEL 

PRICE  is  an  RCA-developed  parametric  cost-modeling  technique.  It  is  a 
computerized  method  that  estimates  development  and  production  costs  on  the 
basis  of  physical  and  economic  descriptors  of  systems  evaluated.  It  applies 
the  principle  that  all  estimates  involve  comparative  evaluations  of  new 
requirements  to  analogous  histories  with  empirical  data  bases.  PRICE  effi- 
ciently stores,  retrieves,  and  uses  historical  information.  Effective  use 
of  empirical  data  allows  classifying  new  ideas  by  relating  them  to  past  sim- 
ilar occurrences.  The  method  provides  the  means  of  reducing  empirical  data 
to  a few  principal  variables  that  can  be  adjusted  for  the  specific  system 
economic  and  technological  differences. 

2.2.1  Model  Input  Data 

The  model  requires  up  to  40  parametric  data  inputs  describing  the  physi- 
cal and  economic  characteristics  of  the  system  or  subassembly  to  be  evaluated. 
When  operated  in  the  subassembly  mode,  the  model  requires  similar  inputs  for 
all  subassemblies  and  provides  the  means  for  final  test  and  integration  of 
the  system.  In  general,  the  latter  mode  was  employed  for  all  cost  estimating 
exercises  performed  in  this  study. 

The  physical  descriptors  included  key  features  such  as  weight  of  struc- 
ture and  electronics,  packaging  densities,  volumes,  quantities  to  be  produced, 
mcinufacturing  complexities,  and  design  requirements.  Since  the  model  is 
structured  to  provide  a cost-per-pound  based  on  densities  and  complexities, 
an  accurate  determination  of  the  probable  weight  cind  volume  of  the  subassembly 
being  evaluated  is  mandatory. 

The  economic  descriptors  include  features  such  as  year  of  production, 
escalation  rates,  engineering  schedules,  production  schedules,  and  management 
required  during  development  and  production.  Careful  selection  of  schedules 
is  necessary  because  the  final  costs  developed  by  the  model  are  affected  by 
the  complexity  of  a product  and  the  time  allowed  for  development  and  produc- 
tion of  the  product.  Other  economic  considerations,  such  as  management, 
tooling,  or  test  equipment,  have  been  normalized  to  the  RCA  data  bank  and  are 
altered  through  sensitivity  analyses  and  adaptation  to  specific  manufacturers. 

The  key  input  parameters  are  listed  in  Table  2-1  in  the  format  used 
throughout  the  study.  Abbreviations  and  acronyms  used  are  defined  to  provide 
an  insight  into  the  parametric  data  employed  by  the  model.  A complete  listing 
of  input  parameters  used  by  the  model  is  presented  in  Appendix  A. 


2.2.2  Model  Output  Data 

The  RCA  PRICE  model  performs  a series  of  evaluations  based  on  the  input 
parametric  data  and  provides  costs  as  a function  of  the  elements  associated 
with  engineering  and  manufacturing  for  both  development  and  production  of  a 
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Table  2-1.  KEY  PRICE  PHYSICAL  AND  ECONOMIC  DESCRIPTORS 


/ DESCRIPTION  / 

DESCRIPTOR  / / 

ACRONYM  / / 

OR  / / 

ABBREVI-  / / 

ATION  / / 

QTY 

Total  Quantity  to  be  produced 

WT 

Weight  of  assembly  (subassembly)  in  pounds 

VOL 

Volume  of  assembly  (subassembly)  in  cubic  feet 

WS 

Weight  of  structure  (nonelectronic)  of  assembly  in  pounds 

MCPLXS 

Manufacturing  complexity  for  structure 

NEWST 

Percent  of  new  design  required  for  structure 

MCPLXE 

Manufacturing  complexity  for  electronics 

NEWEL 

Percetn  of  new  design  required  for  electronics 

CMPNTS 

Number  of  electronic  components 

ECMPLX 

Engineering  complexity  of  assembly  (subassembly) 

PRMTH 

Production  period  in  months 

LCURVE 

Production  learning  curve 

ECNE 

Engineering  change  orders  for  electronics,  in  percent 

ECNS 

Engineering  change  orders  for  structure,  in  percent 

YEAR 

Year  of  technology  (usual  start  of  design/production) 

ESC 

Escalation  rate  in  percent 

PROJCT 

Degree  of  project  management  support  during  engineering 

DATA 

Degree  of  data  requirements 

TLGTST 

Degree  of  special  tools  and  test  equipment  required  for  development 

PLTFM 

Factor  for  reliability  testing,  specification  severity 

SYSTEM 

Degree  of  system  engineering  required 

PPROJ 

Degree  of  project  management  support  during  production 

PDATA 

Degree  of  data  required  cJuring  production 

PTLGTS 

Degree  of  special  tools  and  test  equipment  required  for  production 

system  or  subassembly.  Engineering  costs  include  the  cost  of  drafting, 
design,  system  management,  project  management,  and  data  documentation  required 
during  system  development  and  production.  The  costs  are  presented  for  the 
entire  production  quantity  and  development/production  period  on  the  basis  of 
the  data  input  parameter  set,  and  include  the  effect  of  inflation  (escala- 
tion) . Manufacturing  is  concerned  primarily  with  the  production  of  a system, 
but  it  also  encompasses  costs  for  prototype  development  and  special  tooling/ 
test  equipment  that  might  be  required  during  development.  As  in  the  case  of 
engineering,  the  output  costs  are  presented  for  the  entire  production  quantity 
with  appropriate  escalation. 

During  program  execution,  the  model  performs  frequent  calculations  of 
schedules,  densities,  and  other  )cey  input  parameters,  and  compares  the  results 
with  historical  data  in  the  RCA  data  bcuiks.  Abnormal  inputs,  such  as  insuf- 
ficient development  periods,  are  flagged  and  brought  to  the  attention  of  the 
operator. 

The  output  data  sheet  contains  all  the  information  used  as  the  parcunetric 
input  to  the  model;  it  also  provides  key  parameters  used  in  the  computer  eval- 
uation for  comparison  with  empirical  data  sets  and  mathematical  patterns  from 
the  RCA  library  to  monitor  the  reasonableness  of  the  results.  Finally,  the 
output  data  sheet  provides  the  expected  cost  estimated  by  the  program,  bounded 
by  approximately  two-sigma  level-of-confidence  costs.  The  confidence  inter- 
vals, although  available  from  the  model  results,  are  omitted  from  this  study, 
in  order  to  retain  similarity  to  other  economic  analysis  reports  used  in  the 
evaluation  of  future  ATC  alternatives.  A copy  of  a typical  model  output  data 
sheet  is  provided  in  Appendix  A. 
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CHAPTER  THREE 


STUDY  APPROACH 


This  report  is  concerned  with  the  economic  analysis  of  the  ATC  alterna- 
tives identified  in  the  MITRE/METREK  report  (Reference  1) , amd  this  chapter 
addresses  the  approach  used  in  these  cuialyses.  The  development  of  accurate 
costs  of  avionics  ranging  from  production  units  through  prototype  models  to 
conceptual  designs  poses  a number  of  problems,  including  the  following: 

. Establishing  a Common  Basis  for  Evaluation.  The  system  concepts  are 
in  different  stages  of  evolution  and  employ  different  technology 
levels.  Evaluating  criteria  that  take  these  differences  into  account 
and  are  equitable  for  each  alternative  are  needed  to  ensure  that  the 
study  results  will  provide  an  objective  evaluation  of  each  concept. 

. Obtaining  Accurate  and  Comparable  Cost  and  Design  Data.  The  designs 
of  the  alternatives  have  been  presented  in  functional  block  formats 
to  identify  operational  capabilities.  These  designs  must  be  con- 
verted to  electrical  and  structual  details  suitable  for  development 
of  the  pricing  model.  Therefore,  it  has  been  necessary  to  convert 
the  functional  block  diagrams  into  readily  identifiable  operational 
modules  based  on  similar  equipment  in  existing  avionics,  or  to 
design  new  modules  on  the  basis  of  similar  efforts  in  associated 
studies. 

The  general  approach  followed  by  ARINC  Research  Corporation  in  resolving 
these  problems  and  obtaining  the  comparative  economic  evaluation  of  the  alter- 
natives is  described  in  this  chapter. 

3.1  UNIFORM  GROUND  RULES  USED  IN  THE  STUDY 

ARINC  Research  Corporation  has  developed  costs  of  avionics  in  conjunc- 
tion with  other  studies  for  the  FAA  (Contract  DOT  FA74WA-3506,  references 
2 and  3)  used  in  an  overall  economic  evaluation  to  establish  the  relative 
costs  of  concept  implementation.  To  maintain  uniformity  in  the  economic 
evaluation,  the  Scune  set  of  ground  rules  used  in  these  past  studies  has  been 
adhered  to  in  this  report.  The  exceptions  to  these  rules  are  as  follows: 

. Classes  of  Equipments  - The  classes  of  equipments  are  limited  to 

those  intended  for  air  carriers  and  other  high-performance  aircraft, 
as  well  as  a general-aviation  version  intended  for  low-performance 
aircraft. 


3-1 


. Technology  Levels  of  the  Production  Designs  - Consistent  with  the 
present  manufacturers’  practices  in  a limited  (nonmandatory)  market, 
LSI  circuitry  is  not  anticipated,  with  the  majority  of  electronic 
digital  systems  making  maximvnn  use  of  MSI  circuits,  ICs,  and  dis- 
crete components. 

. Quantities  Produced  per  Manufacturer  - It  is  assumed  that  there  will 
be  multiple  mauiufacturers  of  each  class  of  equipment  and  that  each 
manufacturer  will  produce  sufficient  quantities  to  complete  the  pro- 
duction learning  curve  and  amortize  development  and  start-up  costs. 

It  is  assumed  that  each  manufacturer  of  high-performance  systems 
will  produce  at  least  3000  units  over  a three-year  period.  The 
general-aviation  manufacturer  is  expected  to  maintain  present  produc- 
tion rates  for  similar  equipment.  Therefore,  this  study  is  based  on 
production  of  3000  units  over  a three-year  period. 

. Computation  of  Equipment  Costs  to  the  Users  - Current  manufacturers ' 
practices  of  establishing  factory  selling  price  and  user  list  price 
are  followed  in  this  study.  Manufacturers  of  high-performance 
equipment  are  assumed  to  increase  the  factory  cost  of  avionics  by 
20  percent  for  G&A  and  15  percent  for  profit,  compounded  to  38  per- 
cent over  factory  cost  in  establishing  the  factory  selling  price. 

This  is  the  cost  to  distributors  and  large-quantity  buyers,  such  as 
the  air  carriers.  An  additional  30  percent  markup  by  distributors 
establishes  the  expected  selling  price  to  private  owners  of  high- 
performance  aircraft. 

For  general-aviation  manufacturers,  a 67  percent  markup  over  factory 
cost  is  assumed  to  cover  overhead,  G&A,  and  profit  in  establishing 
the  factory  selling  price.  The  current  practice  of  100  percent  mark- 
up over  factory  selling  price  for  distributors  is  also  reflected  in 
the  study  in  determing  the  selling  price  to  the  GA  user. 

All  equipment  costs  in  this  study  are  in  constant  1976  dollars.  Amorti- 
zation of  all  development  is  assumed  over  the  entire  production  quantity. 

3.2  SYSTEM  DATA  ELEMENTS 


On  the  basis  of  the  input  data  requirements  specified  by  the  PRICE  model 
detailed  system  performance  data  and  physical  configurations  were  developed 
for  each  of  the  alternatives  to  be  evaluated.  These  data  included  physical 
descriptions  and  electrical  characteristics  for  both  the  air  carrier  and 
general-aviation  classes  of  avionics.  The  basic  descriptors  were  obtained 
from  the  MITRE/METREK  study  of  alternatives.  Specific  physical  and  electri- 
cal characteristics  were  obtained  either  from  studies  of  each  new  alternative 
(e.g. , Cost  Analysis  of  Airborne  Collision  Avoidance  System  Concepts, 
Reference  2)  or  from  published  manufacturers'  data  on  modules  and  subassem- 
blies that  were  considered  adaptable  to  the  alternatives'  design.  ARINC 
Research  interpretations  (presented  in  subsequent  chapters)  of  the  alterna- 
tives' functional  descriptions  were  converted  to  data  sets  for  evaluation  by 
the  RCA  PRICE  model. 
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ADAPTABILITY  OF  THE  PRICING  MODEL 


PRICE  is  a parametric  model  developed  to  reflect  the  trends  and  produc- 
tion techniques  of  specific  manufacturers.  The  proper  operation  of  the  model 
requires  that  the  peculiarities  of  a manufacturer  be  established  and  a data 
base  developed.  Since  this  study  is  concerned  with  the  production  of  avionics 
for  both  air  carrier  and  general-aviation  aircraft,  it  was  necessary  to 
develop  the  required  data  base  of  manufacturers  engaged  in  the  manufacture 
of  the  appropriate  class  of  avionics. 

Two  leading  manufacturers  of  ARINC  specification  avionics  and  two  manu- 
facturers of  general-aviation  avionics  were  investigated  and  categorized  in 
a language  common  to  the  PRICE  model.  A rumber  of  sensitivity  analyses  were 
performed  on  existing  avionics  to  duplicate  the  cost  of  production  of  the 
avionics  based  on  both  published  cost  data  and  information  provided  by  manu- 
facturers. Where  possible,  actual  measurements  of  size  and  weight  of  exist- 
ing subassemblies  were  taken  at  the  manufacturers'  plants  and  the  results 
applied  to  the  pricing  model  to  determine  the  key  parameters  affecting  the 
model.  A statistically  sufficient  Scimple  of  data  was  developed  for  each 
manufacturer  to  estciblish  confidence  in  the  results  obtained  from  the  model. 

This  report  presents  the  cost  estimates  developed  for  new  systems  con- 
sidered in  the  alternatives  evaluation.  It  also  presents  the  PRICE-developed 
costs  of  existing  avionics  that  are  a part  of  the  alternatives  evaluation. 

The  latter  exercise  is  included  to  provide  a comparison  of  the  parametric 
data  on  similar  assemblies  and  enhance  the  credibility  of  results  of  new  con- 
cepts as  developed  by  the  pricing  model. 
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CHAPTER  FOUR 

AIR  TRAFFIC  CONTROL  RADAR  BEACON  SYSTEM 
(ATCRBS)  AVIONICS 


Since  the  early  1960s,  civil  air  traffic  control  has  been  enhanced  by 
use  of  the  secondary  surveillance  radar  (SSR) , which  has  provided  accurate 
range,  identity,  and  altitude  information  on  equipped  aircraft  in  the  national 
air  space.  The  avionics  required  in  support  of  the  ATCRBS  concept  are  the 
airborne  transponder  operating  at  1030  MHz  and  1090  MHz  and  the  associated 
control  panel  and  antenna.  Many  models  of  the  transponder  have  been  intro- 
duced, and  these  properly  reflect  the  technological  advancements  made  since 
the  introduction  of  ATCRBS.  New  technology  has  provided  a cost-effective 
product,  which  is  evident  in  the  decreasing  cost  of  the  transponder  even  in 
the  light  of  increasing  inflation. 

The  cost  development  of  the  ATCRBS  transponder  presented  in  this  study 
attempts  to  reflect  this  change  in  avionics  production  by  comparison  of  two 
air-carrier-quality  products  — one  fully  developed  and  amortized  over  recent 
years,  and  the  other  recently  developed  and  just  entering  full  production. 

Both  transponders  are  high-quality  units  meeting  ARINC  specifications  and  are 
popular  within  the  air  carrier  community.  The  two  manufacturers  whose  pro- 
ducts are  being  evaluated  are  well  recognized  by  the  air  carrier  community 
and  are  large  suppliers  of  a variety  of  avionics  used  by  the  carriers. 

The  general-aviation  transponder  evaluated  in  this  study  is  a unit  typi- 
cal of  those  manufactured  by  many  general-aviation  manufacturers.  Only  the 
cost  of  production  was  developed  since  the  unit  is  a well  established  trans- 
ponder whose  development  costs  have  already  been  amortized.  The  cost  of 
interest,  for  comparison  purposes,  is  the  manufacturer's  cost  in  today's 
dollars. 

This  chapter  develops  the  cost  of  both  classes  of  transponders  by  appli- 
cation of  the  pricing  model  and  presents  published  prices  of  the  equipment 
for  comparison  with  the  model  evaluation.  This  evaluation  was  undertaken  to 
develop  parametric  data  on  existing  systems  and  permit  comparison  with  data 
used  in  the  cost  development  of  new  systems. 

4.1  TRANSPONDER  COST  DEVELOPMENT,  HIGH-PERFORMANCE  AIRCRAFT 

The  ATCRBS  transponder  designed  to  ARINC  specifications  is  a solid-state 
electronic  device  housed  in  a 3/8-ATR  short  case.  It  consists  of  a trans- 
mitter, receiver,  decoding  and  encoding  circuitry,  and  other  signal  proces- 
sing and  monitoring  modules.  The  units  evaluated  in  this  study  are  modular 
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in  design  to  allow  easy  access  for  replacement  of  failed  assemblies;  they  are 
therefore  suitable  for  evaluation  by  the  pricing  model  on  a subassembly  basis 

4.1.1  Production  Version 

The  unit  as  fully  developed  and  subject  to  production-only  costs  of  mcuiu 
facture  comprises  10  easily  identifiable  subassemblies.  The  physical  descrip 
tion  of  each  subassembly  is  presented  in  Table  4-1,  together  with  other 


Table  4-1.  PARAMETER  VALUES  FOR  ATCRBS  TRANSPONDER  (IN  PRODUCTION), 
HIGH-PERFORMANCE  AIRCRAFT 


/ Parameters  Values  / 


Parameter 


■s  / ^ . 


WT 


VOL 


WS 


MCPLXS 


NEWST 


MCPLXE 


NEWEL 


CMPNTS 


ECMPLX 


PRMTH 


LCURVE 


ECNE 


ECNS 


YEAR 


ESC 


PROJCT 


DATA 


TLGTST 


3000 

3000 

.835 

. 382 

.0195 

.0096 

. 385 

.166 

6.42] 

5.996 

0 

0 

8.814 

8.144 

0 

0 

90 

170 

36 

36 

36 

1 36 

.865 

. 865 

.865 

.865 

.005| 

.005 

.005 

.005 

1976  1976  I 1976  | 1976  1976  1976  | 1976 


3000  3000  3000 


.371  .371  8.077 


.OOa  .008]  .228 


0 0 


.005 


.005 


1976  1976  1 1976 


0 0 


SYSTEM 


PPROJ 


PDATA 


PTLGTS 


parametric  data  necessary  for  the  execution  of  the  PRICE  model.  A typical 
production  quantity  of  1000  units  per  year  has  been  chosen  for  this  study  to 
maintain  comparative  consistency  between  the  systems  evaluated.  Table  4-1 
shows  values  of  zero  for  parameters  such  as  new  design,  engineering  complexi- 
ty, project  management,  etc. , because  these  control  the  development  costs 
associated  with  manufacturing.  All  other  parameters  are  associated  with 
production  and  properly  define  the  product  to  be  evaluated.  An  additional 
module,  the  transmitter  cavity  oscillator,  is  not  shown  because  this  assembly 
is  normally  purchased  by  the  transponder  mamuf acturer . The  cost  of  the  pur- 
chased item,  together  with  handling  and  overhead  costs,  is  included  in  the 
final  PRICE  evaluations  as  a special  input. 


Table  4-2  summarizes  the  PRICE  outputs  by  subassembly  costs  and  cumula- 
tive costs.  The  last  equipment  entry.  Test  and  Integration,  is  a mandatory 
input  when  a system  cost  is  developed  by  subassemblies.  Test  and  Integration 
accounts  for  the  final  assembly  of  a unit,  machining  of  interface  components, 
power  connections,  alignment  and  tuning  of  electrical  subsystems,  and  the 
final  functional  test  of  the  system.  The  factory  Sell  Price  is  the  cost  of 
manufacturing  with  appropriate  G&A  and  profit  included;  it  is  the  expected 
selling  price  to  air  carriers  and  distributors.  The  selling  (list)  price  is 
the  normal  cost  to  private  aircraft  owners  requiring  limited  quantities  of 
the  product. 


Table  4-2.  ATCRBS  TRANSPONDER 

(IN-PRODUCTION)  COSTS,  HIGH-PERFORMANCE  AIRCRAFT 

Cost  Factors 

Equipment 

Dcvoloj<mf;nt 

Production 

Total 

(IXil  1 irs/Uni  t ) 

(Dollars/Unit) 

(Dollars) 

Transmitter 

N/A 

639.47 

639 

Receiver 

N/A 

759.21 

759 

IF  Amplifier 

N/A 

226.15 

226 

Video  Processor 

N/A 

349.60 

350 

Control  Matrix 

N.  A 

388.46 

388 

Monitor 

N/A 

368.83 

369 

L.V,  Power  Supply 

N/A 

141.96 

142 

Shift  Register  No.  1 

N/A 

243. 56 

244 

Shift  Register  No.  2 

N/A 

252. 31 

252 

Chassis  and  EInclosure 

N/A 

404.05 

404 

Transmitter  Cavity 

N/A 

40.00 

40 

Test  and  Integration 

N/A 

139.97 

140 

Factory  Sell  Price 

3953 

Distributor  Markup 

1186 

List  Price 

5139 

4.1.2  New-Development  Version 

The  unit  described  by  Table  4-3  is  a new-development  version  initiated 
in  early  1975  by  one  of  the  leading  avionics  manufacturers.  The  unit  is  all 
solid  state,  including  the  power  eunplifier,  and  consists  of  15  identifiable 
subassemblies.  The  weight  and  volume  of  each  subassembly  were  measured  at 
the  manufacturer's  plant  cind  therefore  are  known  exactly.  The  percent  of  new 
design  of  structures  and  electronics  is  subjective,  based  on  the  expected 
availability  of  past  designs  and  adaptability  to  the  transponder  effort.  A 


100  percent  design  effort  was  considered  for  the  exciter  and  power  cimplifier 
subassemblies  since  these  are  new,  state-of-the-art  modules.  The  engineering 
complexities  reflect  the  subjective  interpretations  of  the  development  status 
of  subassemblies  and  are  consistent  with  recommendations  published  by  RCA. 


Table  4-3.  Parameter  Values  for  ATCRBS  Transponder  (New  Development) 

Hiqh-Performemce  Aircraft 


/ Parameter  Values 


>/ 


Parameter 


QTY 

WT 


VOL 


WS 


MCPLXS 


NEWST 


MCPLXE 


NEWEL 


CMPNTS 


ECMPLX 


PRMTH 


LCURVE 


ECNE 


ECNS 


YEAR 


ESC 


PROJCT 


DATA 


TLGTST 


PLTFM 


SYSTEM 


PPROJ 


PDATA 


PTLGTS 


3000 

3000 

.156 

.25 

.0028 

.0043 

.044 

.067 

5.867 

5.247 

000  POOP  |3000  3000 

.188  [ .438  .141  .219 


.067 

.044 

5.683 

6.011 

3000  j_3000  3000 

.14ll  .094  .422 


00281 .0022  .0052 


0 


8.1 

7.0 

• 3 

. 3 

63 

64 

.9 

.9 

36 

36 

.865 

.865 

.005 

.005 

.005 

.005 

1975 

1975 

0 

0 

. 5 

.5 

. 5 

.5 

. 3 

. 3 

7.701  8.325  7.528  7.445 


.001  .005  I .005 


.005  I .005  .005  .005 


1975  j 1975  1975  1975 


0 0 0 I 0 


. 5 


.5 


. 3 


.865  .865  I .865 


.005  .005  j .005 


.005 


1975  ! 1975  1975 


0 0 0 


(Continued) 


Table  4-3.  (Continued) 


IL<. 


Tadsle  4-4  presents  the  development  and  production  costs  of  each  subassem- 
bly with  the  development  costs  amortized  over  the  entire  3000  unit  production 
quantity.  The  outputs  developed  by  the  pricing  model  closely  correlate  with 
the  subassembly  costs  provided  by  the  manufacturer.  The  factory  selling 
price  and  the  list  price  are  the  expected  costs  to  air  carriers  amd  indivi- 
dual owners,  respectively. 


Tab.'=  4-4.  ATCRBS  TRANSPONDER 

(NEW  DEVELOPMENT)  COSTS,  HIGH-PERFORMANCE  AIRCRAFT 

cost  Factots 

Kquij-mcnL 

Development 

Production 

Total 

(Dol  l«irs/Unit  J 

(Doilars/Uni t) 

(Dollars) 

Video  Processor 

4.78 

120.68 

125 

Functional  Test 

5.  19 

73.63 

79 

Decoder/Encoder 

2.99 

147.93 

151 

Diplexer 

4.05 

249.72 

254 

Preselector  and  Mixer 

5.21 

99.05 

104 

Local  Oscillator 

0.97 

118.67 

120 

IF  Amplifier-Detector 

5.17 

113.75 

119 

D/E  Oscillator 

3.  32 

130.12 

133 

Modulator 

6.  20 

56.82 

65 

L.V.  Power  Supply 

7.77 

201.23 

209 

Transmitter  Oscillator 

29.69 

291.51 

321 

Exciter 

42.28 

668.06 

730 

Power  Amplifier 

42.19 

694.75 

737 

Transmitter  Power  Supply 

9.53 

96.21 

108 

Enclosure/Chassis 

8.94 

546.73 

556 

Test  and  Integration 

4.63 

160.73 

165 

Factory  Sell  Price 

3975 

Distributor  Markup 

1193 

List  Price 

5169 

4.2  TRANSPONDER  COST  DEVELOPMENT,  LOW- PERFORMANCE  AIRCRAFT 

The  transponder  evaluated  in  this  study  is  a standard  general-aviation 
unit  meeting  Technical  Service  Order  (TSO)  C74b  for  Class  I service  designed 
to  be  installed  in  the  flight  console  of  single-engine  and  light  twin-engine 
aircraft.  The  unit  consists  of  a main  printed  circuit  card  containing  all 
the  decoding,  encoding,  and  processing  logic  and  circuitry  necessary  for  the 
operation  of  the  transponder;  a subassembly  containing  the  logarithmic 
receiver;  a mechanical  preselector/filter  assembly;  a cavity  oscillator;  and 
the  enclosure  with  front  panel  controls.  All  assemblies  except  the  cavity 
oscillator  are  manufactured  by  the  general-aviation  manufacturer.  The  cavity 
oscillator  is  usually  purchased  from  tube  manufacturers.  Table  4-5  presents 
the  physical  descriptions  of  the  transponder  in  the  input  format  of  the  pri- 
cing model.  Production  quantities  of  1000  units  per  year  have  been  chosen 
for  this  study  as  typical  of  the  production  rate  in  the  general -aviation  com- 
munity for  products  that  have  been  on  the  market  for  a number  of  years. 
Frequent  modifications  and  improvements  of  the  basic  development  program  have 
dictated  that  this  evaluation  assume  continuing  engineering  costs,  although 
the  development  costs  are  considered  eimortized.  The  physical  characteristics 
of  the  subassemblies,  i.e.,  the  weight  and  volume,  were  measured  at  the  manu- 
facturer’s plant  and  are  considered  accurate.  Variations  in  the  platform, 
system  management,  tooling,  test  equipment,  etc.,  between  the  general-aviation 
and  air  carrier  manufacturers  shown  in  this  table  and  Tables  4-1  and  4-3  are 


. I 


caused  by  the  differences  in  the  manufacturing  environment  and  quality  of  the 
final  product;  they  were  determined  through  sensitivity  analyses  performed 
with  the  pricing  model  on  the  two  classes  of  manufacturers. 

% Table  4-6  presents  the  results  of  the  PRICE  model  evaluation.  Develop- 

ment costs  are  assumed  to  be  amortized  for  this  transponder  since  it  has  been 
in  the  manufacturer's  inventory  for  a number  of  years.  The  production  costs 
' developed  by  the  model  result  in  a factory  sell  price  very  close  to  the  known 

cost  to  the  manufacturer.  The  normal  practice  of  100  percent  markup  for  dis- 
tribution results  in  the  list  price  of  $612. 


1 Taijle  4-6.  ATCRBS  THANSPONDCR  COSTS,  LOW-PEKFORHANCE  AIRCRAFT  | 

Cor.t  Fdctnrri  | 

E.Juiimcnt 

l>t>Velo|<m«-nt 

Pi  oduc  t toil 

Total 

(|jr>l  1 ars/Un  j t ) 

(Dol  1 ars/Uiu  t ) 

(l>ol  lars) 

Main  PC  Card 

N/A 

129.50 

130 

Receiver 

N/A 

55.04 

55 

Transmitter  Cavity 

N/A 

40.00 

40 

Preselector/Filtcr 

N/A 

18.50 

19 

Front  Panel/Chassis 

N/A 

37.  35 

37 

Test  and  Integration 

N/A 

24.95 

25 

Factory  Sell  Price 

306 

Distributor  Markup 

306 

List  Price 

612 

4.3  SUMMARY 

The  cost  of  air  carrier  and  general-aviation  transponders  developed  by 
the  pricing  model  are  summarized  in  Table  4-7  and  compared  with  published 
prices  for  the  appropriate  user  communities.  In  addition,  the  costs  of  con- 
trols and  antennas  from  manufacturers ' price  lists  have  been  included  to 
provide  the  total  equipment  cost  for  a single  system  implementation  in  air 
carrier,  high-performance  general-aviation,  and  low-performance  general-avia- 
tion aircraft.  The  close  correlation  between  the  model-developed  costs  and 
[ manufacturers'  prices  highlights  the  model's  ability  to  estimate  costs  when 

’ careful  attention  is  given  to  the  development  of  parametric  data  required  for 

f execution  of  the  model. 

I 

I 


1 Table  4-7.  ATCRBS  AVIONICS 

COSTS  (SINGLE  SYSTEM  PER  AIRCRAFT) 

Cost 

(in  dollars)  by  User  Aircraft  Category 

Equipment 

Air  Carrier 

High-Performance 

Aircraft 

Low-Performance 

Aircraft 

Manufacturer 
Price  Lists 

PRICE- 
Oeve loped 

Manufacturer 
Price  Lists 

PRICE- 

Developed 

Manufacturer 
Price  Lists 

PRICE- 

Oeveloped 

Transponder 

. In  Production 
. New  Development 

3986 

3991 

395  3 

3975 

5134 

5188 

5139 

5169 

595 

612 

Control 

516 

516* 

516 

516* 

N/A 

N/A 

Antenna 

63 

63* 

75 

75* 

13 

13* 

Total  Cost** 

4567 

4532 

5775 

57  30 

608 

625 

•From  manufacture  r^'  jne*'  lists 


••In  production 


CHAPTER  FIVE 


i; 


DISCRETE  ADDRESS  BEACON  SYSTEM  (DABS) 


In  the  future,  secondary  surveillance  will  be  accomplished  with  the  use 
of  the  DABS  concept,  discretely  addressing  each  aircraft  and  thereby  eliminat- 
ing the  synchronous-garble  problems  experienced  in  dense  traffic  environments. 
The  DABS  concept  will  also  provide  a data  link  capability  between  aircraft  in 
flight  and  ground  control,  which  will  enhance  system  operation  by  providing 
ATC  message  capability  and  separation  assurance  through  the  use  of  Intermittent 
Positive  Control  (IPC) , and  could  lead  to  a reduction  in  the  controller  work- 
load through  automation  of  many  of  the  functions  now  performed  by  air  traffic 
controllers. 

This  chapter  addresses  the  cost  development  of  the  avionics  required  to 
implement  the  surveillance  fxanction  of  the  DABS  concept.  The  designs  consid- 
ered are  based  on  the  systems  evaluated  in  report  FAA-EM-76-2  (Reference  3) . 
With  the  large  number  of  units  expected  to  be  manufactured  over  the  DABS  imple- 
mehtation  period,  large-scale  integration  (LSI)  appears  to  be  the  most  cost- 
effective  approach  to  solving  the  complex  logic  requirements  of  DABS.  This 
is  the  only  exception  to  the  technology  ground  rule  used  for  all  other  systems. 

Two  versions  of  the  airborne  equipment  are  subjected  to  the  pricing  model 
for  evaluation  and  cost  estimating:  the  transponder  designed  to  ARINC  speci- 
fications and  intended  for  the  air  carriers  and  other  high-performance  air- 
craft, and  the  transponder  designed  to  general-aviation  standards  and  intended 
for  the  single-engine  and  light  twin-engine  aircraft. 

This  chapter  presents  the  physical  and  economic  descriptors  of  the  DABS 
avionics  and  the  results  of  the  PRICE  model  evaluation. 

5.1  DABS  TRANSPONDER  COST  DEVELOPMENT,  HIGH-PERFORMANCE  AIRCRAFT 

The  DABS  transponder  designed  to  ARINC  specifications  is  a solid-state 
electronic  device  housed  in  a 3/8-ATR  long  case.  It  consists  of  a transmitter, 
dual  receivers  and  IF  amplifiers,  decoding  and  encoding  circuitry,  and  other 
signal  processing  and  monitoring  modules.  The  units  evaluated  in  this  study 
are  expected  to  be  modular  in  design  to  allow  easy  access  for  replacement  of 
failed  assemblies;  they  are  therefore  suitable  for  evaluation  by  the  pricing 
model  on  a subassembly  basis.  Many  of  the  modules  will  probably  be  common  to 
the  ATCRBS  transponders  since  they  perform  identical  functions.  The  physical 
descriptors  presented  in  Table  5-1  were  obtained  from  existing  ATCRBS  trans- 
ponder modules  and  from  design  configurations  and  parts  identification 
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Table  5~1.  PARAMETER  VALUES  FOR  DABS  TRANSPONDER,  HIGH-PERFORMANCE  AIRCRAFT 


/ Parameter  Values 


Parameter 


QTY 


WT 


VOL 


WS 


MCPLXS 


NEWST 


MCPLXE 


NEWEL 


CMONTS 


ECMPLX 


PRMTH 


LCURVE 


ECNE 


ECNS 


YEAR 


ESC 


PROJCT 


DATA 


TLGTST 


PLTFM 


SYSTEM 


PPROJ 


PDATA 


PTLGTS 


/ ///  / / c?y  / //‘V  / 


.852  .832 


.02 


.772 


.376  8.077 


0195  .0096  .01 


0 


7.983 

8.045 

7.980 

8.214 

93  170  163  348  107  139 


36 

36 

36 

.865 

.865 

.865 

.005 

.005 

.005 

.005 

.005 

.005 

1976 

1976 

1976 

0 

0 

0 

.5 

.5 

.5 

.5 

.5 

. 5 

. 3 

. 3 

. 3 

mm 

. 3 

.3  1 

1,^ 

.5 

.5 

.5 

.5 

.5 

. 3 

. 3 

. 3 

.005  .01 


.865  .865 


.01 


developed  in  Reference  3.  Development  costs  have  been  included  in  the  model 
evaluation,  but  those  modules  expected  to  be  common  with  existing  design  have 
been  described  parcunetrically  to  reflect  second-generation,  minimum  new  design 
requirements . 

The  results  of  exercising  the  pricing  model  are  presented  in  Table  5-2. 
Direct  comparison  of  similar-function  modules  with  data  presented  in  Table 
4-2  shows  minor  variation  in  the  predicted  cost  of  production  of  the  modules. 
Although  similar,  the  modules  are  not  identical,  as  is  evident  from  the  amount 
of  new  design  shown  in  Table  5-1.  The  new  design  can  be  either  expansion  of 
capcibility  of  the  module  (e.g. , a more  rugged  transmitter  capable  of  longer 
duty  factors) , which  is  reflected  in  the  higher  cost,  or  reduction  of  func- 
tional requirements  (e.g.,  monitor  card's  MODE  D detection  function)  not 
required  for  DABS  operation,  which  is  reflected  in  a lower  module  cost.  The 
development  costs,  presented  on  a per  unit  basis,  reflect  the  proportional 
costs  of  engineering  and  prototype  production  when  amortized  over  the  entire 
production  quantity  of  3000  DABS  transponders.  The  high  cost  of  logic  devel- 
opment reflects  the  expected  investment  in  LSI  development.  The  factory  sel- 
ling price  of  $5212  is  the  expected  cost  of  the  transponder  to  air  carriers 
and  distributors  who  buy  large  quantities  from  the  manufacturer.  The  30  per- 
cent mar]cup  results  in  a cost  of  $6776,  which  is  the  list  price  expected  to 
be  paid  by  the  individual  aircraft  owners  or  small  fleets  that  require  the 
ARINC-specif ied  avionics. 


Table  5-2.  DABJ  TRANSPONDER 

LSI  VERSION)  COSTS,  HIGH-PERFORMANCE  AIRCRAFT 

Cost  ['actors 

Equipment 

Dcvelo;  D'-nL 

Production 

Total 

{1>>1  lars/Uni  t ) 

{tjol  lars/Unit) 

(Dollars) 

Transmitter 

4.51 

675.40 

680 

Receiver  (2  each) 

4.  30 

723.28 

1455 

IF  Amplifier  (2  each) 

1.64 

215.71 

435 

Video  Processor 

4.71 

379.71 

384 

Control  Matrix 

4.81 

421.84 

427 

Monitor 

4.  31 

330.61 

335 

L.V.  Power  Supply 

4.01 

218. 52 

223 

Digital  Logic 

60.  35 

521.37 

582 

Chassis 

5.  33 

433.84 

439 

Transmitter  Cavity 

- 

40.00 

40 

Test  and  Integration 

3.25 

208.67 

212 

Factory  Sell  Price 

5212 

Distributor  Markup 

1564 

List  Price 

6776 

5.2  DABS  TRANSPONDER  COST  DEVELOPMENT,  LOW-PERFORMANCE  AIRCRAFT 

Table  5-3  defines  a general-aviation  version  of  the  DABS  transponder 
evaluated  in  Section  5.1.  Functionally,  the  unit  performs  the  same  surveil- 
lance operations  as  the  high-performance  version  but  does  not  require  diver- 
sity operation  and  operates  at  a lower  output  power.  In  addition,  the  version 
chosen  for  evaluation  (on  the  basis  of  details  developed  in  Reference  3)  in- 
cludes the  logic  and  display  of  the  IPC/PWI  capability  of  separation  assurance. 
Designed  to  be  mounted  in  the  flight  console  of  single-engine  and  light  twin- 
engine  aircraft,  the  DABS  transponder  will  replace  the  present  ATCRBS  trans- 
ponder, from  which  many  design  features  and  functional  characteristics  were 
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Table  5-3.  Parameter  Values  for  DABS  Transponder,  Low-Performance  Aircraft 


/ Parameter  Values 


Parameter 


TY 


WT 


VOL 


WS 


MCPLXS 


NEWST 


MCPLXE 


NEWEL 


CMPNTS 


ECMPLX 


PRMTH 


LCURVE 


ECNE 


EONS 


YEAR 


ESC 


PROJCT 


3000 

3000 

3000 

3000 

. 188 

J 

.188 

.188 

.0029 

.007 

.0029 

derived  because  of  the  similarity  of  performcince  requirements.  The  DABS  trans- 
ponder consists  of  the  six  modules  identified  in  Table  5-3  and  a cavity 
oscillator  that  provides  the  transmitter  function  of  the  transponder.  Only 
six  modules  were  subjected  to  evaluation  by  the  pricing  model  because  the 
cavity  is  normally  purchased  by  the  manufacturer  and  must  be  treated  as  a 
special  input  to  the  model. 

Table  5-4  presents  the  results  of  the  PRICE  evaluation.  The  factory 
selling  price  of  $676  is  the  predicted  cost  to  the  manufacturer  when  overhead 
and  profit  are  included.  The  normal  practice  of  a 100  percent  markup  for 
owners  of  low-performance  aircraft  has  resulted  in  the  expected  list  price  of 
$1352,  which  would  be  paid  by  the  private  aircraft  owners  requiring  DABS 
avionics. 


I Table  5-4.  DABS  TRANSPONDER  (LSI  VERSION)  COSTS,  LOW-PERFORMANCE  AIRCRAFT 

Co.st  Factors  | 

Equipanent 

Development 

Product  ion 

Total 

(Dollurs/Unit) 

(Dollars/Unit) 

(Dollars) 

Transmitter/Modulator 

.83 

23.38 

24 

Transmitter  Cavity 

- 

40.00 

40 

Receiver 

1.91 

83.48 

85 

Power  Suppl y 

.47 

28.55 

29 

Analog  Logic 

1.  35 

32.16 

34 

Digital  Logic 

17.08 

285.25 

302 

Front  Panel  Chassis 

1.88 

120.80 

12  3 

Test  and  Integration 

.36 

39.11 

39 

Factory  Sell  Price 

676 

Distributor  Markup 

676 

List  Price 

1352 

5. 3 SUMMARY 

The  cost  of  avionics  required  for  implementation  of  DABS  must  include  the 
associated  controls  and  antennas  and  will  probably  require  a separation-assur- 
ance command  indicator  such  as  the  IPC/PWI  display  (cost  developed  in  Chapter 
Seven) . Table  5-5  presents  the  expected  cost  of  avionics  to  implement  a single 
(nonredundant)  DABS  system  in  an  aircraft  for  each  of  the  three  classes  of 
users:  the  air  carriers,  high-performance  general  aviation,  and  low-perform- 
ance general  aviation.  The  cost  of  controls  and  antennas  has  been  taken  from 
manufacturers'  price  lists,  while  costs  of  transponders  and  displays  were 
developed  by  the  pricing  model. 


Table  5-5.  DABS/IPC  AVIONICS  COST  SUMMARY 


Equipment 

1 

Air  Carrier 

High-Performance 
General  Aviation 

Low-Performance 
General  Aviation 

Transponder 

5212 

6776 

1352 

IPC/PWI  Display 

2198 

2857 

** 

Control 

516^ 

516^ 

** 

Antenna  (2  each) 

126^ 

150^ 

13^ 

■■■■■■■■ 

1365 

♦From  manufacturers'  price  lists. 
♦♦Included  in  electronics  package. 


CHAPTER  SIX 


SELECTIVE  ADDRESS  BEACON  (SAB)  SYSTEM 


The  system  designed  primarily  to  reduce  the  effects  of  synchronous  garble 
is  a compromise  between  the  existing  ATCRBS  and  the  proposed  DABS  concepts. 

This  system,  the  Selective  Address  Beacon  (SAB) , uses  the  assigned  4096  code 
of  all  IFR  aircraft  and  VFR  aircraft  in  contact  with  the  ATC  facility  to 
selectively  interrogate  each  aircraft.  The  avionics  must  operate  in  the  normal 
ATCRBS  mode  as  well  as  the  SAB  mode  when  interrogated  by  a SAB  ground  station. 
The  operation  of  the  airborne  transponder  requires  detection  of  tlie  side  lobe 
suppression  (SLS)  pulse  pair  and  processing  of  the  additional  4096  coded  data 
included  in  a SAB  interrogation  for  comparison  with  the  transponder's  own 
assigned  code.  Correlation  of  the  codes  will  result  in  the  transponder  treuis- 
mission  of  a standard  identity  reply,  whereas  recognition  of  a variation  in 
the  codes  will  cause  the  transponder  to  suppress  replies  for  the  specified 
35  psec  SLS  period. 

The  MITRE  study  (Reference  1) , which  defines  the  operational  characteris- 
tics of  the  SAB,  recommends  that  SAB  avionics  be  considered  only  for  the  class 
of  users  requiring  high-quality  (assumed  ARINC  specification)  equipment.  This 
rejxsrt  is  uniformly  developing  costs  of  avionics  for  three  classes  of  users  — 
the  air  carriers,  high-performance  general  aviation,  and  low-performance 
general  aviation  — and  provides  for  the  probability  that  exists  for  low-per- 
formance aircraft  to  be  in  the  mixed  airspace,  where  the  benefits  of  SAB  are 
required  to  improve  flight  safety.  Therefore,  the  development  of  SAB  avionics 
includes  equipment  suitable  for  all  classes  of  users. 

6.1  SAB  TRANSPONDER,  HIGH-PERFORMANCE  AIRCRAFT 

The  operational  performance  of  the  SAB  transponder  includes  all  of  the 
features  identified  for  an  ATCRBS  transponder  (Chapter  Four) , as  well  as  addi- 
tional decoding  logic  to  handle  the  extended  interrogation  message  and  com- 
parison logic  for  matching  the  interrogator  4096  code  with  the  aircraft's  code 
entered  through  the  control  panel.  The  interrogator  signal  format,  proposed 
by  Reference  1,  uses  the  standard  15-bit  ATCRBS  reply  format  with  two  SLS 
pulses  and  does  not  include  parity  checks  or  error  correction.  Therefore,  the 
logic  required  is  slightly  less  complex  than  the  logic  developed  in  Reference 
5.  However,  the  general  description  of  the  SAB  concept  developed  in  Reference 
5 for  the  4096  code  transponder  applies  to  this  evaluation.  The  tramsponder 
is  designed  to  ARINC  specifications  for  packaging  in  a 3/8-ATR  enclosure 
meeting  the  environmental  requirements  for  air  carrier  avionics. 
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Table  6-1  presents  the  physical  and  economic  descriptors  of  the  SAB 
transponder.  All  subassemblies  except  SAB  logic  are  identical  to  those 
describing  the  "in  production"  version  of  ATCRBS  transponder  presented  in 
Chapter  Four.  The  adaptation  of  the  ATCRBS  transponder  is  justified  on  the 
grounds  that  the  SAB  system  must  perform  all  ATCRBS  functions  in  addition  to 
the  selective  address  decoding  and  control  of  SAB.  The  SAB  logic  processing 
can  be  integrated  on  a single  printed  circuit  card  since  it  requires  only  one 
shift  register,  six  comparator  chips,  and  miscellaneous  ICs  emd  discrete  com- 
ponents for  controling  and  eneibling  the  identity  reply  encoder.  By  careful 
design  of  the  ATCRBS  chassis,  the  SAB  logic  card  can  be  included  in  the  3/8-ATR 
enclosure  without  extending  the  length  of  the  unit. 


Table  6-1.  PARAMETER  VALUES  FOR  SAB  TRANSPONDER,  HIGH-PERFORMANCE  AIRCRAFT 
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Table  6-2  presents  the  results  of  the  pricing  model  evaluation  of  the  SAB 
transponder.  The  development  costs  for  modules  common  to  the  ATCRBS  trans- 
ponder have  been  eliminated  under  the  assumption  that  they  were  amortized  in 
ATCRBS  development.  Development  costs  are  presented  for  the  SAB  logic,  enclo- 
sure and  chassis,  and  processing  modules  because  these  will  require  some  new 
design  to  operate  in  the  combined  SAB/ATCRBS  system.  The  $4176  selling  price 
to  air  carriers  includes  the  increase  resulting  from  the  addition  of  SAB  logic 
to  a conventional  ATCRBS  transponder  when  the  addition  is  integrated  by  the 
manufacturer.  The  total  development  cost  of  $36,000  has  been  assumed  amor- 
tized over  the  production  quantity  of  3000  units. 


Table  6-2.  SAB  TRANSPONDER  COSTS,  HIGH-PERFORMANCE  AIRCRAFT 

Cost  Factors  ] 

Kquipmont 

Development 

Production 

Total 

(IxjI  lars/Uni  t ) 

(Dollars/Unit) 

(Dollars) 

Transmitter 

N/A 

639 

639 

Receiver 

N/A 

759 

759 

IF  Amplifier 

N/A 

226 

226 

Video  Processor 

N/A 

350 

350 

Control  Matrix 

1.00 

398 

399 

Monitor 

N/A 

369 

369 

L.V.  Power  Supply 

N/A 

142 

142 

Shift  Register  No.  1 

1.00 

249 

250 

Shift  Register  No.  2 

1.00 

258 

259 

SAB  Logic 

8.00 

193 

201 

Chassis  and  Enclosure 

1.00 

403 

404 

Transmitter  Cavity 

N/A 

40 

40 

Test  and  Integration 

1.00 

137 

138 

Factory  Sell  Price 

4176 

Distributor  Markup 

1253 

List  Price 

5429 

study,  it  is  assumed  that  the  manufacturer  of  the  ATCRBS  transponder  would 
produce  the  SAB  electronics  as  a new  product  and  thus  development  and  produc- 
tion costs  are  included  in  the  cost  of  manufacturing.  The  SAB  transponder  is 
expected  to  reuse  the  preselector,  filter,  and  receiver  common  to  ATCRBS,  as 
well  as  the  same  transmitter  cavity  oscillator;  but  all  timing,  decoding, 
encoding,  and  power  supply  circuitry  will  be  new,  requiring  engineering  devel- 
opment. Table  6-3  presents  the  physical  and  economic  parameters  describing 
the  SAB  transponder  and  the  general-aviation  manufacturer.  The  receiver  and 
preselector  have  been  treated  as  production-only  items  by  eliminating  the 
new  design  requirements  and  minimizing  the  engineering  complexity  associated 
with  unit  development. 


6.2  SAB  TRANSPONDER,  LOW-PERPORMANCE  AIRCRAFT 

The  operational  capability  of  the  SAB  transponder  for  general-aviation 
low-pjerformance  aircraft  is  the  same  as  that  specified  for  the  high-perform- 
ance equipment.  However,  the  general-aviation  equipment  is  generally  not 
suitable  for  module  addition  and  must  be  redesigned  to  include  additional 
functions  on  the  one  or  two  printed  circuit  boards  of  the  equipxnent.  In  this 
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> The  results  of  exercising  the  pricing  nvodel  are  presented  in  Table  6-4. 

Development  costs  are  identified  for  the  subassemblies  requiring  new  design 
that  incorporates  the  SAB  functions.  The  development  costs  have  been  amortized 
' over  the  entire  production  quantity  considered  in  the  study.  The  $784  cost  of 

avionics  to  the  private  aircraft  owner  includes  distributor  markup  common  to 
this  class  of  user. 


Table  6-4.  SAB  TRANSPONDER  COSTS,  LOW-PERFORMANCE  AIRCRAFT  j 

Cost  Factors  | 

Equipmont 

Dt.'vclopmc'nt 

Production 

Total 

{Ir>llars/Urut) 

(Dollars/Unit) 

(Dollars) 

Receiver 

N/A 

55.04 

55 

Preseiector/Fil ter 

N/A 

18.  50 

19 

Cavity  Oscillator 

N/A 

40.00 

40 

PC  Card  No.  1 

5.89 

105.06 

111 

PC  Card  No.  2 

7.42 

83.  53 

91 

Front  Panel  and  Enclosure 

1.06 

41.78 

43 

Test  and  Integration 

0.43 

32.24 

33 

Factory  Sell  Price 

392 

Distributor  Markup 

392 

List  Price 

784 

6.1  SUMMARY 

The  implementation  of  SAB  in  air  carrier  and  other  high-performance 
aircraft  requires  an  antenna  and  control  to  complement  the  transponder  devel- 
oped in  this  study.  Table  6-5  identifies  the  equipment  necessary  for  a 
single  system  implementation  in  aircraft  for  each  of  the  three  user  communities 
considered  in  the  study.  Costs  of  complementary  equipment  were  obtained  from 
published  price  lists  of  avionics  manufacturers.  Equipment  intended  for  low- 
performance  aircraft  such  as  single-engine  and  light  twin-engine  airframes 
includes  only  the  transponder  and  antenna  since  the  controls  are  built  into 
the  avionics  package. 


Table  6-5.  SAB  AVIONICS  COSTS  (SINGLE  SYSTEM  PER  AIRCRAFT) 


Costs  (in 

dollars)  by  Aircraft  Category  | 

High-Performance 

Low-Per  formance 

Equipment 

Air  Carrier 

General  Aviation 

General  Aviation 

Transponder 

4176 

5429 

784 

Control* 

516 

516 

N/A 

Antenna* 

63 

75 

13 

Total  Cost 

4755 

1 

6020 

797 

*From  manufacturers'  price  lists 
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VHF  DATA  LINK 


The  ability  to  communicate  information  between  aircraft  in  flight  and 
ground  facilities  is  a critical  requirement  in  the  operation  of  present  cind 
future  air  traffic  control  systems.  The  information  may  be  in  the  form  of 
voice  or  digitized  data  and  include  such  items  as  clearances,  headings,  fre- 
quency assignments,  or  separation-assurance  advisories  and  commands.  In  the 
evaluation  of  alternatives  for  the  upgraded  third-generation  ATC,  MITRE/METREK 
has  identified  three  VHF  concepts  that  may  provide  the  communications  required 
in  present  and  future  operations:  (1)  the  present  voice-only  VHF  communica- 
tions, (2)  the  basic  VHF  data  link  providing  ATC  functions  and  displays  to  the 
pilot,  and  (3)  an  extended  VHF  data  link  providing  both  the  ATC  functions  and 
IPC/PWI  display  information  to  the  pilot.  The  latter,  as  proposed  by  MITRE/ 
METREK,  would  require  automatic  ground  control  of  the  airborne  transceiver 
tuning  to  ensure  reception  of  the  IPC  command  on  a guard  frequency  without  the 
need  for  pilot  intervention.  Sufficient  information  is  presented  in  the  MITRE/ 
METREK  report  to  allow  the  start  of  design  engineering  of  each  concept,  but  a 
pronounced  void  is  noted  in  the  definition  of  both  the  type  of  data  to  be 
transmitted  on  the  ATC  data  link  and  the  channel-management  requirements  of 
the  ATC  data  link. 

ARINC  Research  has  attempted  to  provide  reasonable  interpretations  of  the 
MITRE/METREK  VHF  concepts  based  on  information  presented  in  other  FAA-sponsored 
studies  (e.g. , FAA  RD-74-189,  DABS:  A System  Description)  in  developing  the 
probable  ATC  data  and  IPC/PWI  information  to  be  displayed  and  the  channel 
management  required  to  operate  the  system  successfully. 

This  chapter  documents  the  VHF  concepts  considered  for  evaluation  and 
provides  the  results  of  the  cost  estimating  exercise  using  the  pricing  model. 

7.1  VHF  CONCEPT  TO  BE  EVALUATED 

ATC  communications  over  the  VHF  frequency  band  assigned  to  air  traffic 
control  are  currently  in  the  form  of  voice-only  modulation.  ATC-associated 
operations  over  privately  owned  air  carrier  communications  networks  are  being 
converted  to  a low-speed  (2400  bps)  digital  data  transmission  system  employing 
differential-frequency-shift-keying  (DFSK)  modulation  techniques.  The  success 
experienced  by  the  airline-owned  system  provides  the  necessary  background  for 
design  and  definition  of  the  VHF  data  link  equipments  proposed  for  alternative 


Figures  7-1  through  7-3  are  block  diagrams  of  equipments  required  in 
support  of  each  of  the  VHP  concepts.  The  basic  VHF  communications,  Figure 
7-1,  reflects  the  existing  system  on  the  majority  of  aircraft  in  service. 

Both  the  high-performance  and  low-performance  aircraft  have  at  least  one  of 
these  systems,  although  for  the  latter  case  the  control  function  is  integral 
to  the  transceiver.  Figure  7-2  presents  the  basic  VHF  data  link  using  a 
similar  (or  existing)  transceiver  but  requiring  a new  data  modem  capable  of 
two-way  data  transfer,  logic  decoding  and  encoding,  selective  addressing,  and 
an  ATC  display.  The  ATC  display,  shown  in  Figure  7-4,  is  the  same  as  proposed 
for  use  with  the  DABS  concept,  providing  heading,  altitude,  airspeed,  and  16 
ASCII  characters  of  free  text.  Reply  and  acknowledgement  functions,  although 
provided,  are  not  shown.  The  operation  of  this  concept  is  adaptable  to  both 
high-performance  and  low-performance  aircraft. 

Figure  7-3  depicts  the  extended  VHF  data  link  with  IPC.  This  concept 
provides  the  same  ATC  data  display  as  the  basic  VHF  data  link  but  includes 
separation  assuraince  through  display  of  IPC  commands  and  PWI  advisories  as 
shown  in  Figure  7-5.  The  concept,  as  proposed  by  MITRE,  requires  ground  con- 
trol of  airborne-transceiver  channel  selection  to  ensure  that  the  receiver  is 
tuned  to  the  IPC  frequency  for  receipt  of  commands  or  advisories.  Airborne 
transceivers  equipped  with  remote  controls  and  using  two  out  of  five  tuning 
schemes  can  have  "auto-tune"  devices  installed  in  the  control  lines  cind  be 
driven  by  data  decoded  by  the  D/L  modem.  Unfortunately,  only  the  high-per- 
formance aircraft  avionics  provide  remotely  mounted  transceiver  controls, 
limiting  this  concept  to  that  family  of  users.  This  study  however,  develops 
the  cost  of  components  for  both  user  communities,  eliminating  only  the  auto- 
tune functions  from  the  general-aviation  low- performance  community. 

The  modem  required  to  support  this  concept  is  the  same  as  shown  for  the 
basic  VHF  data  link,  having  the  capability  of  routing  decoded  data  to  the 
appropriate  I/O  device.  The  functional  block  diagram  of  the  modem  is  pre- 
sented in  Figure  7-6.  The  unit  is  designed  to  accept  DFSK  or  MSK  data  at 
clock  rates  of  2400  or  4800  bps,  depending  on  the  clocks  provided,  and  through 
the  use  of  8-bit  ASCII  coding  (7  bits  plus  parity),  decode  a message  in  real 
time  one  word  at  a time.  A detailed  description  of  the  modem,  with  supporting 
diagrams  and  parts  lists,  is  developed  and  documented  in  Reference  4. 

7.2  AVIONICS  COST  DEVELOPMENT,  HIGH-PERFORMANCE  AIRCRAFT 

The  three  VHF  options  identified  for  evaluation  recjuire  a standard  VHF 
transceiver  designed  to  ARINC  specifications  as  the  RF-to-baseband  signal 
converter.  In  addition,  the  basic  and  extended  data  links  require  a data 
processing  modem  with  appropriate  remotely  mounted  displays.  The  extended 
data  link  must  also  provide  automatic  control  of  the  transceiver  and  additional 
pilot  displays.  This  section  develops  the  cost  of  each  item  of  avionics  re- 
quired to  assemble  the  three  options  considered  and  summarizes  the  expected 
cost  of  implementation  of  each  concept  in  aircraft  requiring  the  high-perform- 
ance equipment. 

7.2.1  VHF  Transceiver 


The  transceiver  chosen  for  evaluation  is  a standard  item  of  avionics  in 
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Figure  7-3.  EXTENDED  VHF  DATA  LINK  PLUS  IPC 


Figure  7-6.  VHF  DATA  LINK  MODEM  BLOCK  DIAGRAM 


air  carrier  inventory,  designed  to  ARINC  specifications  and  housed  in  a 
1/2-ATR  short  case.  It  provides  720  channels  of  communications,  with  fre- 
quency selection  controlled  by  two-out-of-five  coding.  The  transmitter  is 
capable  of  providing  25  watts  of  power  to  the  antenna  and  is  rated  at  con- 
tinuous duty  cycle.  There  are  provisions  in  both  the  transmit  and  receive 
modules  for  both  narrow-band  and  wide-band  data  transmission  and  detection. 
The  unit  consists  of  12  readily  identifiable  modules  suitable  for  cost  esti- 
mating on  a subassembly  basis  by  the  pricing  model.  Table  7-1  presents  the 
physical  and  economic  descriptors  of  each  module  for  application  to  the  PRICE 
model . 
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The  tcK)ling  and  test  equipment  requirements  for  development  and  produc- 
tion are  lower  than  normally  expected  for  this  manufacturer  because  of  the 
existence  of  VHF  transceivers  for  many  years.  The  manufacturer  is  expected 
to  have  sufficient  equipment  in  inventory,  requiring  only  a nominal  increase 
of  tooling  for  manufacture.  The  weights  and  volumes  of  each  module  were  care- 
fully measured  at  the  manufacturer's  plant  and  are  considered  accurate  for 
adaptation  to  the  model.  A combination  of  new  and  second-generation  designs 
has  been  indicated  through  the  Engineering  Complexity  descriptor  to  account 
for  the  probeibility  of  reusing  subassemblies  developed  for  earlier  models  of 
VHF  transceivers. 

Table  7-2  presents  the  results  of  the  pricing-model  exercise.  The  fac- 
tory selling  price  of  $2500  developed  by  the  model  compares  favorably  with 
published  manufacturer's  price  of  $2477  for  this  transceiver.  The  list  price 
of  $3250  shown  in  the  table  is  the  expected  cost  to  individual  aircraft  owners 
requiring  this  class  of  avionics. 


Table  7-2.  VHF  TRANSCEIVER  COSTS,  HIGH-PERFORMANCE  AIRCRAFT 


Cost  Factors  | 

Equlpoient 

Development 

Production 

Total 

(Dollars/Unit) 

(Dollars/Unit) 

(Dollars) 

Divider  Board 

4 

338 

342 

Converter  Board  (2  each) 

1 

23 

48 

Preselector 

9 

181 

190 

IF  Amplifier 

4 

G4 

68 

AGC  Board 

3 

73 

76 

IF  Filter-Coupler 

1 

12 

13 

Attenuator 

7 

67 

74 

Transmitter/Modulator  Power  Supply 

42 

452 

494 

Audio  Board 

7 

154 

161 

vco 

3 

28 

31 

Chassis 

9 

803 

812 

Test  and  Integration 

3 

188 

191 

Factory  Sell  Price 

2500 

Distributor  Markup 

750 

List  Price 

3250 

7.2.2  Data  Modem 

The  data  modem  selected  for  evaluation  is  an  adaptation  of  the  modem 
developed  in  Reference  4.  The  unit  is  designed  to  ARINC  specifications  for 
air  carrier  class  equipment  and  contains  all  the  electronics  required  for 
processing  baseband  signals  received  from  the  VHF  receiver  or  for  modulating 
the  VHF  transmitter.  The  modem  requires  external  inputs  from  the  aircraft's 
4096  coded  transponder  control  for  processing  of  the  unique  address  inherent 
in  a selective  data  link.  The  output  of  the  modem  provides  alphcuiumeric  words 
for  display  at  the  pilot's  ATC  indicators  or  digitized  data  for  display  on 
separation-assurance  indicators,  depending  on  the  address  designation  con- 
tained in  the  data  message. 
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Table  7-3  presents  the  physical  and  economic  descriptors  of  the  seven  sub 
assemblies  comprising  the  modem.  Weights  and  volumes  were  estimated  by  com- 
parison of  component  types  eind  quantities  with  existing  printed  circuit  cards 
used  in  avionics  products.  Manufacturing  complexities  were  extracted  from  the 
data  bank  compiled  on  various  subassemblies  of  specific  manufacturers.  The 
remaining  parametric  data  are  consistent  with  the  philosophy  cind  economic 
descriptors  used  on  other  avionics  cost  estimates  presented  in  this  study. 


Table  7-3.  PARAMETER  VALUES  FOR  DATA  MODEM,  HIGH-PERFORMANCE  AIRCRAFT 
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Table  7-4  presents  the  development  and  production  costs  for  each  module 
of  the  modem  and  the  expected  selling  price  to  air  carriers  and  distributors. 
The  list  price  of  $3699  includes  the  markup  for  distribution. 


Table  7-4.  ATC  MODEM  COSTS,  HIGH-PERFORMANCE  AIRCRAFT 

Cost  Factors 

Equipment 

Development 

Production 

Total 

(Dollars/Unit) 

(Dollars/Unit) 

(Dollars) 

Modulator/Demodulator 

20 

193 

213 

4096  Code  Process 

18 

269 

287 

Logic  Decode  (2  each) 

15 

446 

922 

Encoder 

23 

327 

350 

Power  Supply/Cloc)cs 

8 

441 

449 

1 Enclosure 

3 

379 

382 

Test  and  Integration 

3 

239 

242 

Factory  Sell  Price 

2845 

1 Distributor  Markup 

854 

3699 

7.2.3  Controls  and  Indicators 

Two  types  of  indicators  and  one  auto-tune  control  are  required  to  comple- 
ment the  avionics  described  for  the  three  concepts  presented  for  a VHF  data 
link.  The  ATC  display  developed  as  part  of  the  DABS  concept  and  described  in 
Reference  3 is  a standard  size  ATI-5  peine 1-mounted  instrument  designed  to 
ARINC  specifications.  The  display  contains  the  necessary  logic  processing 
and  lamp  driver  electronics  to  convert  the  digital-data-stream  output  of  a 
modem  into  visible  ASCII  character  display.  The  second  required  indicator 
(also  described  in  Reference  3)  is  the  IPC/PWI  display  developed  as  part  of 
the  separation-assurance  enhancement  of  DABS  (also  described  in  Reference  3) . 
The  indicator  is  also  housed  in  an  ATI-5  panel-mounted  package  and  contains 
the  logic  processing  and  display  drivers  necessary  to  convert  the  modem  out- 
put data  into  the  36  advisory  lights  of  the  PWI  display  and  the  nine  command 
lights  of  IPC. 

Since  the  functions  of  both  indicators  are  similar  to  that  proposed  for 
the  DABS  concepts,  the  logic  developed  under  the  concept  is  adaptable  to  the 
requirements  of  a VHF  data  link,  except  for  the  clock  rates  of  the  data  stream 
The  physical  and  economic  descriptors  shown  in  Table  7-5  describe  the  indica- 
tors identified  in  the  DABS  concept.  The  auto-tune  control  required  for 
switching  an  airborne  VHF  transceiver  to  the  guard  frequencies  for  IPC/PWI 
commands  and  advisories  is  a device  that  accepts  properly  coded  digital  data 
from  the  modem  and  converts  the  information  into  an  appropriate  two-out-of- 
five  control  code  for  retuning  of  the  transceiver.  The  unit,  designed  for 
airborne  application,  contains  the  logic  and  switching  networks  necessary  for 
interface  between  a transceiver  and  its  remote  control  and  the  initiating  data 
modem. 


Table  7-5  presents  the  parametric  data  required  by  the  pricing  model  for 
all  three  equipments  described.  Each  equipment  is  treated  as  a system  rather 
than  by  subassemblies  since  the  units  are  normally  packaged  in  nonmodular  con- 
figurations. The  weights  and  volumes  shown  are  best  estimates  of  probable 
weight  based  on  component  count  and  packaging  densities  and  average  volume  of 
a standard  indicator  of  the  size  chosen  as  published  in  ARINC  Characteristics. 
New  structural  design  is  limiced  to  front  bezel  detailing  and  nominal  chassis 
configuration  since  the  remainder  of  the  unit  is  totally  controlled  by  ARINC 
designs. 

Table  7-6  summarizes  the  pricing  model  output  for  the  three  units  evalu- 
ated. The  factory  selling  price  is  based  on  the  manufacturing  complexities 
involved  in  producing  equipment  in  quantities  compareible  to  those  on  which  the 
data  were  developed. 


Table  7-6 

. DISPLAY  AND  CONTROL  EQUIPMENT  COSTS,  HIGH-PERFORMANCE  AIRCRAFT 

Cost  Cateqories 

Equipment 

Development 

(Dollars/Unit) 

Production 

(Dollars/Unit) 

Factory 
Sell  Price 
(Dollars) 

Distributor 

Mark-Up 

(Dollars) 

List  Price 
(Dollars) 

ATC  Display 

57 

1519 

1576 

473 

2049 

IPC/PWI  Display 

90 

2108 

2198 

659 

2857 

Auto-Tune  Control 

5 

294 

299 

90 

389 

7.3  AVIONICS  COST  DEVELOPMENT,  LOW- PERFORMANCE  AIRCRAFT 

The  equipment  required  by  the  general-aviation  community  of  low-perform- 
ance aircraft  in  support  of  the  VHF  concepts  is  functionally  identical  to  that 
described  in  this  chapter  for  the  high-performance  aircraft.  However,  the 
general-aviation  practice  of  packaging  systems  in  light  metal  enclosures  un- 
restricted by  form-fit-function  specifications,  in  combination  with  the  less 
stringent  environmental  requirements  imposed  on  general-aviation  avionics, 
allows  design  and  production  of  avionic  equipments  which,  although  performing 
similar  functions,  are  usually  priced  considerably  lower  than  air  carrier 
versions.  This  section  presents  the  cost  developement  of  the  general-aviation 
avionics  designed  to  perform  the  functions  identified  for  high-performcuice 
aircraft  but  manufactured  to  the  standards  of  the  general-aviation  community. 

7.3.1  VHF  Transceiver 


The  transceiver  evaluated  is  a standard  item  of  avionics  available  from 
a leading  general-aviation  manufacturer.  It  is  designed  for  panel  mounting 
in  the  flight  console  of  an  aircraft  and  contains  all  the  necessary  controls 
for  operation  of  the  unit.  The  transceiver  provides  selection  of  any  of  720 
available  frequencies  in  the  ATC  VHF  communications  band.  The  receiver  has 
a usable  bandwidth  of  22  KHz  at  the  6 dB  points  and,  although  not  designed 
for  data  reception,  can  be  modified  to  operate  in  either  the  narrow-band  or 
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wide-band  mode.  The  transmitter  develops  8 watts  at  the  antenna  input  and  is 
rated  for  a 20  percent  duty  cycle.  The  transceiver  consists  of  four  major 
subassemblies  and  the  aircraft  equipment  mounting  tray,  all  of  which  are  pro- 
duced by  the  manufacturer.  Table  7-7  presents  the  physical  and  economic 
descriptors  of  the  subassemblies  reflecting  the  pareunetric  categorization  of 
a general-aviation  manufacturer.  The  mounting  tray  is  a common  item  and  is 
treated  by  the  model  as  a production  item  only,  requiring  no  new  design  with 
zero  learning. 


Table  7-.'.  PARAMETER  VALUES  FOR  VHF  TRANSCEIVER,  LOW-PERFORMANCE  AIRCRAFT 
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Table  7-8  presents  the  results  of  the  pricing  model  evaluation.  The 
factory  selling  price  of  $627  is  marked  up  100  percent  for  distribution, 
resulting  in  the  aircraft  owner's  net  price  of  $1254.  This  calculated  value 
compares  favorably  with  the  manufacturer's  published  price  of  $1195  for  the 
transceiver  evaluated. 


Table  7-8.  VHF  TRANSCEIVER,  LOW- PERFORMANCE  AIRCRAFT 

Cost  Factors 

Equipment 

Development 

Production 

Total 

(Dollars/Unit) 

(Dollars/Unit) 

(Dollars) 

Synthesizer 

2 

156 

158 

Transmitter-Modulator 

5 

200 

205 

Receiver 

2 

102 

104 

Front  End  Enclosure  Assembly 

1 

108 

109 

Mounting  Tray 

- 

7 

7 

Test  and  Integration 

44 

44 

Factory  Sell  Price 

627 

Distributor  Markup 

627 

List  Price 

1254 

7.3.2  Data  Modem 


The  data  modem  required  by  the  general-aviation  aircraft  performs  the 
same  function  as  the  air  carrier  counterpart  described  in  Section  7.2  but 
utilizes  the  less  stringent  packaging  and  environmental  requirements  common  to 
general-aviation  manufacturing.  Table  7-9  describes  the  general -aviation  data 
modem  in  the  input  format  of  the  pricing  model.  All  subassemblies  except  the 
enclosure  have  the  same  weight  and  volume  specifications  as  the  air  carrier 
modem.  The  variations  in  manufacturing  and  component  quality,  which  result  in 
lower  unit  costs,  are  described  by  the  manufacturing  complexities,  platform, 
and  economic  parameters  describing  the  general-aviation  manufacturer.  Table 
7-10  presents  the  results  of  the  pricing  model  evaluation.  The  lower  develop- 
ment costs,  when  compared  with  those  of  the  air  carrier  data  modem,  reflect 
the  lower  labor  rates  and  overhead  of  general-aviation  manufacturers,  rather 
than  the  degree  of  effort  required  in  designing  equipments  of  similar  function. 

7.3.3  Indicators 


The  indicators  required  in  support  of  the  VHF  data  link  options  for  the 
general-aviation  community  perform  the  same  function  as  their  air  carrier 
counterparts.  Therefore,  the  designs  of  the  ATC  Display  and  the  IPC/PWI 
Display  are  identical  to  those  developed  in  Section  7.2.  However,  the  environ- 
mental requirements  of  general-aviation  equipment  permit  component  selection 
that  is  considerably  less  expensive  than  that  required  for  air  carrier  avionics. 
The  physical  and  economic  parameters  shown  in  Table  7-11  for  the  two  indicators 
evaluated  reflect  the  general-aviation  manufacturers'  producibility  of 
avionics  at  a considerably  lower  cost  than  the  air  carrier  avionics,  although 
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performing  the  same  function.  Table  7-12  presents  the  PRICE-developed  cost 
of  the  indicators  applicable  to  the  general-aviation  users.  The  IPC/PWI 
display  reflects  the  large  quantity  of  discrete  logic  required  to  perform 
the  functions  of  separation  assurance  and  traffic  advisories.  If  justified 
by  user  demand,  this  logic  would  probably  be  integrated  into  LSIs,  resulting 
in  higher  development  costs  but  lower  cost  of  avionics. 


Table  7-12.  DISPLAY  EQUIPMENT  COSTS,  LOW- PERFORMANCE  AIRCRAFT 


Cost  Categories 


Equipment 


Development 

(Dollars/Unit) 

Production 

(Dollars/Onit) 

Factory 
Sell  Price 
(Dollars) 

Distributor 

Mark-Up 

(Dollars) 

25 

218 

243 

243 

45 

512 

557 

557 

ATC  Display 
IPC/PWI  Display 


The  control  unit  necessary  for  the  "Extended  VHF  Data  Link"  option  of 
the  MITRE  study  has  not  been  developed  for  the  general-aviation  users,  since 
general-aviation  avionics  are  usually  packaged  in  single  enclosures  with 
integral  controls  and  are  not  suitable  for  adaptation  of  intermediate  con- 
trols. The  auto-tune  control  function  could  be  incorporated  in  the  basic 
VHF  transceiver  as  a model  revision  by  the  manufacturer  at  a nominal  increase 
in  trcinsceiver  cost. 


7 . 4 SUMMARY 

The  cost  of  avionics  required  for  implementing  each  of  the  three  options 
proposed  by  MITRE/METREK  is  presented  in  Table  7-13.  Unit  avionics  costs  are 
shown  rather  them  totals  because  of  the  various  combinations  possible  for  the 
options  and  the  aircraft  configurations.  For  a single  system  installation 
of  the  basic  VHF  voice-only  system,  the  minimum  equipment  required  would  con- 
sist of  the  transceiver,  remote  control,  and  antenna,  for  a total  avionics 
cost  of  $3196  to  an  air  carrier.  The  costs  of  controls  and  antennas  used  in 
this  study  were  obtained  from  manufacturers'  price  lists  applicable  to  the 
users  of  interest. 


Table  7-13.  VHF  DATA  LINK  AVIONICS  COSTS 


Equipment 

Cost  (in 

dollars)  by  Aircraft 

Category 

Air  Carriers 

High-Performance 
General  Aviation 

Low-Performance 
General  Aviation 

VHF  Transceiver 

2500 

3250 

1254 

Data  Link  Modem 

2845 

3699 

1240 

ATC  Display 

1576 

2049 

486 

IPC  Display 

2198 

2857 

1114 

Controls  (VHF) 

516* 

516* 

N/A 

Control  (Auto-Tune) 

299 

389 

N/A 

Antenna 

180* 

240* 

16* 

1 ‘Information  from  manufacturers'  price  lists 

CHAPTER  EIGHT 

AIRBORNE  COLLISION  AVOIDANCE  SYSTEM 


The  airborne  collision  avoidance  system  (ACAS)  concept  was  introduced  as 
a candidate  for  sepeiration  assurance  in  the  early  1970s  and  was  extensively 
evaluated  by  the  FAA  for  both  technical  capcibility  and  the  economic  impact  of 
system  implementation.  Originally,  three  concepts  were  proposed:  the  Honey- 
well AVOIDS,  the  McDonnell  Douglas  EROS,  and  the  RCA  Secant  systems.  All 
three  concepts  were  proposed  for  operation  in  the  L-Band  portion  of  the  fre- 
quency spectrum  with  a center  frequency  of  1605  MHz.  The  FAA  evaluation 
resulted  in  a recommendation  that  the  Honeywell  AVOIDS  be  chosen  as  the  ACAS 
candidate  for  separation  assurance.  This  chapter  addresses  the  development 
of  the  avionics  costs  associated  with  the  Honeywell  AVOIDS  concept  for  both 
the  air  carrier  and  general-aviation  classes  of  equipments.  The  equipment 
designs  and  physical  descriptions  used  in  this  analysis  are  those  developed 
in  the  ARINC  Research  study  (Reference  2)  supporting  the  FAA  evaluation  of 
the  ACAS  concepts. 

8.1  AVIONICS  COST  DEVELOPMENT,  HIGH-PERFORMANCE  AIRCRAFT 

The  electronics  package  recommended  by  Honeywell  as  a production  configu- 
ration of  the  AVOIDS-I  high-performance  avionics  is  designed  to  ARINC  speci- 
fications for  a 3/8-ATR  short  enclosure  containing  the  RF,  IF,  and  digital 
processor  modules  necessary  for  operation  of  the  system.  The  transmitter  is 
similar  to  an  ATCRBS  cavity  oscillator  operating  at  1605  MHz  with  a pulse 
power  output  of  1000  watts  at  a low  duty  cycle.  The  receiver  module  contains 
dual  (diversity)  RF  and  IF  stages  connected  to  each  of  two  antenna  ports  at 
the  receiver  input.  Five  digital  processor  modules  provide  all  the  logic- 
processing and  code-converting  functions  necessary  for  interrogation  and 
decoding  operation  of  the  system.  A power  supply  module  and  the  chassis  euid 
enclosure  make  up  the  remainder  of  electronics  package.  All  assemblies,  other 
than  the  cavity  oscillator  and  RF  head,  are  expected  to  be  produced  by  the 
avionics  manufacturer.  The  two  exceptions  will  probably  be  purchased  from  a 
specialty  manufacturer  and  are  so  treated  by  the  pricing  model. 

Table  8-1  presents  the  physical  and  economic  descriptors  associated  with 
the  nine  subassemblies  of  AVOIDS-I.  The  five  logic  cards  are  considered 
identical  in  the  language  of  the  pricing  model  and  therefore  are  presented 
only  once.  However,  since  each  card  requires  unique  design  and  development, 
the  model  was  exercised  separately  for  each  card  to  identify  the  development 
costs  associated  with  the  logic  portion  of  the  electronics  package. 


Table  8-2  presents  the  output  of  the  pricing  model,  the  manufacturer's 
quoted  price  of  purchased  items,  and  the  expected  factory  selling  price  of  the 
avionics  to  the  air  carrier  industry.  The  list  price  includes  the  expected 
markup  for  distribution  and  is  the  cost  to  the  individual  aircraft  owner.  The 
development  costs  have  been  amortized  over  the  entire  3000-unit  production  run. 
The  logic  development  cost  of  $216,000  ($72  per  unit)  appears  reasonable  for 
development  of  the  logic  functions  other  than  microprocessors,  which  are  off 
the  shelf  and  not  subject  to  additional  development  costs. 


Table  8~2.  HONEYWELL 

AVOIDS  I CAS  COSTS,  HIGH-PERFORMANCE  AIRCRAFT 

Cost  Factors 

Equipment 

Development 

Production 

Total 

(Dollars/Unit) 

(Dollars/Unit) 

(Dollars) 

Transnitter-Modulator/Hlgh  Voltage 

Power  Supply 

14 

405 

419 

^Transmitter  Cavity  Oscillator 

0 

100 

100 

Receiver/IF  Amplifier 

13 

580 

593 

Logic  Cards 

72 

874 

946 

Power  Supply-Low  Voltage 

9 

360 

369 

*RF  Head  Ass^nbly 

0 

587 

587 

Housing 

10 

829 

839 

Test  and  Integration 

5 

121 

110 

Factory  Sell  Price 

3979 

Distributor  Markup 

1194 

List  Price 

5173 

1 ^Subcontracted  purchased  items  | 

8.2  AVIONICS  COST  DEVELOPMENT,  LOW-PERFORMANCE  AIRCRAFT 

The  general-aviation  version  of  the  Honeywell  CAS  design  has  been  identi- 
fied as  AVOIDS-II.  Although  performing  interrogation  and  processing  functions 
similar  to  those  of  the  AVOIDS-I,  the  electronics  package  for  low-performance 
aircraft  is  less  complex,  requiring  single  receivers,  250-watt  transmitter- 
oscillators,  and  packaging  for  installation  in  the  flight  console  of  the  air- 
craft. Logic  processing  is  reduced  because  of  lower  operating  altitudes  and 
shorter- range  gates  and  tracking.  A micropressor  similar  to  the  type  used  in 
AVOIDS-I  is  included,  but  it  conforms  to  the  lower  environmental  requirements 
common  to  the  general-aviation  community.  The  command  indicator  necessary  for 
system  operation  is  built  into  the  electronic  package,  requiring  only  the 
addition  of  two  antennas  for  system  operation. 

The  six  subassemblies  constituting  the  AVOIDS-II  electronics  package  are 
described  in  Table  8-3,  except  for  the  cavity  oscillator,  which  is  an  item 
purchased  by  the  avionics  manufacturer.  The  parameters  shown  in  the  table 
reflect  general-aviation  manufacturer  data  developed  and  stored  in  ARINC 
Research  files.  The  physical  descriptors  are  based  on  detailed  information 
provided  by  Honeywell  in  support  of  the  ARINC  Research  study  of  ACAS  alterna- 
tives. The  engineering  complexities  shown  for  the  logic  cards  indicate  a 
difficult  new  design,  consistent  with  the  requirement  for  either  LSI  develop- 
ment or  dense  integration  of  microprocessors  and  discrete  logic  components. 


The  remainder  of  the  subassemblies  are  considered  routine,  second-generation 
products  requiring  nominal  design  to  adapt  to  the  ACAS  configuration. 

Table  8-4  presents  the  results  of  exercising  the  pricing  model.  The 
factory  selling  price  of  $559  and  the  marked  up  list  price  of  $1118  compare 
favorably  with  the  predicted  cost  of  the  AVOIDS-II  developed  in  Reference  2. 


1 Table  8~4.  HONEYWELL  AVOIDS  11  CAS  COSTS,  LOW-PERFORMANCE  AIRCRAFT  1 

Cost  Factors  | 

Equipment 

Development 

Production 

Total 

(Dollars/Unit) 

(Dollars/Unit) 

(Dollars) 

Receiver 

5 

57 

Transmitter 

0 

55 

Logic  NO.  1 

37 

135 

Logic  No.  2 

37 

135 

172 

Power  Supply 

2 

29 

31 

Chassis 

1 

25 

26 

Test  and  Evaluation 

2 

39 

41 

Factory  Sell  Price 

559 

Distributor  Markup 

559 

List  Price 

8.3  SUMMARY 

The  implementation  of  ACAS  in  air  carrier  and  other  high-performance 
aircraft  requires  an  electronics  package,  command  indicator,  and  two  antennas 
as  a minimum,  nonredundant  installation.  Low-performance  aircraft  CAS  avionics 
have  the  indicator  built  into  the  electronics  package  because  of  its  proposed 
cockpit  panel  location.  Table  8-5  presents  the  component  and  cumulative  costs 
of  equipment  necessary  for  a single  system  implementation  in  the  three  user 
communities  of  interest.  The  cost  of  the  command  indicator  and  antennas  is 
taken  from  manufacturers'  quotations  and  published  price  lists. 


Table  8-5. 

ACAS  AVIONICS  COSTS  (SINGLE  SYSTEM  PER  AIRCRAFT) 

Cost  (in 

dollars)  by  Aircraft 

Category 

High-Performance 

Low-Performance 

Equipment 

Air  Carrier 

General  Aviation 

General  Aviation 

ACAS  Electronics 

3979 

5173 

1118 

Command  Indicator* 

1092 

1092 

N/A 

Antennas  (2  each)* 

126 

150 

26 

Total  Cost 

5197 

6415 

1144 

1 *Prices  from  manufacturers*  quotes 

and  published  price 

lists 
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CHAPTER  NINE 


RESULTS  OF  EVALUATIONS 


The  study  has  developed  costs  of  avionics  based  on  a uniform  approach  of 
cost  estimating  with  the  assistance  of  a pricing  model.  Costs  were  developed 
for  existing  systems  (whose  advertised  prices  are  availeible  for  comparison 
with  the  study  results)  to  give  credibility  to  the  concept  and  the  paraimetric 
data  used  in  exercising  the  pricing  model.  The  data  describing  existing 
systems  were  developed  through  detailed  weight  and  volume  measurements,  and 
extensive  sensitivity  analyses.  The  data  base  compiled  on  many  systems  of 
several  leading  avionics  manufacturers  producing  either  high-performance  air- 
craft equipment  or  low-performance  aircraft  equipment  was  ’-en  used  in  prepar- 
ing the  physical  and  economic  descriptors  for  new-system  e .nation  by  the 
pricing  model.  This  chapter  summarizes  the  results  of  the  evaluation  and 
presents  the  parametric  data  developed  by  this  study  in  a system  configuration. 

9.1  PARAMETRIC  DATA  OF  SYSTEMS  EVALUATED 

The  majority  of  the  systems  evaluated  were  estimated  at  a subassembly 
level,  and  the  subassemblies  were  then  integrated  into  the  system  configura- 
tion. The  systems  can  also  be  defined  by  a single  set  of  physical  and  economic 
descriptors  that  will  result  in  similar  cost  outputs  from  the  pricing  model. 
However,  more  precise  input  data  are  required  than  those  for  subassemblies, 
and  there  are  fewer  systems  of  similar  functional  design  and  complexity  from 
any  single  manufacturer  on  which  a credible  data  base  can  be  established. 

Tables  9-1  and  9-2  present  the  system  parametric  data  equivalent  to  the  sub- 
assembly  data  developed  in  the  study  for  the  high-performance  and  low-perform- 
ance aircraft  avionics,  respectively.  These  tables  permit  comparison  of  the 
parametric  data,  in  summary  form,  between  all  the  systems  evaluated.  Close 
inspection  of  the  data  (e.g.,  ATCRBS  and  DABS)  shows  that  the  DABS  transponder, 
although  more  complex  and  more  difficult  to  produce,  has  a lower  requirement 
for  new  structual  and  electronic  design  and  is  described  as  having  lower 
engineering  complexity  than  ATCRBS.  This  result  is  justified  on  the  basis  of 
the  study  assumption  that  in  developing  a DABS  transponder,  the  manufacturer 
would  use  either  entire  modules  or  a high  percentage  of  the  design  of  the 
modules  developed  for  ATCRBS.  The  ATCRBS  transponder,  however,  is  the  first 
generation  of  radar  beacon  avionics  and  requires  almost  totally  new  design. 

This  type  of  approach  was  used  commonly  throughout  the  study  to  reflect  the 
expected  development  and  production  methods  of  the  avionics  manufacturers. 
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Table  9-2.  SYSTEM  PHYSICAL  AND  ECONOMIC  DESCRIPTORS,  LOW-PERFORMANCE  AIRCRAFT 
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9.2  COST  DATA  OF  SYSTEMS  EVALUATED 

The  avionics  costs  developed  by  application  of  the  pricing  model  are 
summarized  in  Table  9-3.  The  values  indicate  the  probable  selling  price  of 
each  item  of  avionics  to  the  air  carriers  and  to  the  high-performcmce  general- 
aviation  and  low-performance  general-aviation  users.  Appropriate  markups  for 
distribution  have  been  included  on  the  basis  of  known  or  expected  practices 
of  the  avionics  manufacturers.  All  costs  are  based  on  the  1976  dollar  without 
inflation.  Potential  variability  in  costs  exists  as  a function  of  the  produc- 
tion volume  dictated  by  user  demand.  However,  comparison  of  avionics  cost 
based  on  the  data  presented  is  possible  since  each  concept  was  evaluated  with 
a uniform  production  quantity. 


Table  9-3  ACQUISITION  COST  OF  AVIONICS 


Equifxnent 

Cost  (in 

dollars)  by  User  Category 

Air  Carrier 

Hiqh-Per formance 
General  Aviation 

low-Performance 
General  Aviation 

ATCRBS  Transponder 

3975 

5169 

612 

DABS  Transponder 

5212 

6776 

1352 

SAB  Transponder 

4176 

5429 

784 

VHF  Transceiver 

2500 

3250 

1254 

VHF  Data  Modem 

2845 

3699 

1240 

ATC  Display 

1576 

2049 

486 

IPC/PWI  Display 

2198 

2857 

1114 

Auto-Tune  Control 

299 

389 

N/A 

ACAS  Electronics 

3979 

5173 

1118 

All  systems  evaluated  in  this  study  require  additional  equipment  for 
implementation.  Antennas,  controls,  and  displays  complement  the  basic  avionics 
package  and  provide  the  necessary  configuration  for  system  operation  in  the 
airborne  environment.  Table  9-4  presents  the  expected  cost  of  acquisition  of 
a complete  system  for  a single,  nonredundant  implementation  in  an  aircraft  of 
the  three  user  categories  identified.  Costs  of  the  complementaty  equipment 
were  either  developed  as  documented  in  this  study  or  taken  from  manufacturers' 
price  lists  for  the  appropriate  user  communities.  The  system  costs  shown  in 
the  table  provide  a convenient  summary  of  information  contained  in  the  study 
and  are  intended  for  comparison  of  the  implementation  costs  of  the  alternatives 
for  the  next  generation  of  ATC  systems. 


TabJe  9-4.  ACQUISITION  COST  OF  SYSTEMS  - SINGLE  SYSTEM  PER  AIRCRAFT 


System 

Cost  (in 

dollars)  by  User  Category  | 

Air  Carrier 

High-Performance 
General  Aviation 

1 Low-Performance 
General  Aviation 

ATCRBS 

4554 

5760 

625 

DABS/IPC 

8052 

10299 

1365 

SAB 

4755 

6020 

797 

VH?  Voice 

3196 

4006 

1270 

VHF  Data  Link 

4772 

6055 

1756 

VHP  D/L  + I PC 

7269 

9301 

2870 

ACAS 

5197 

6415 

1144 

APPENDIX  A 


RCA  PRICE  MODEL  INPUT  PARAMETERS 


The  appendix  presents  a listing  of  the  input  parameters  used  by  the 
RCA  PRICE  model.  Figure  A-1  shows  a typical  input  worksheet;  Figure  A-2 
shows  an  example  of  a typical  model  output  data  sheet. 
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Figure  A-1.  TYPICAL  PRICE  INPUT  WORKSHEET 
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Figure  A-2.  TYPICAL  PRICE  OUTPUT  SHEET 
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